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Preface 



HIV infection has been a greater challenge to current medicine than any other 
viral disease of modem times. HIV leads to a persistent infection and the vims 
has an immense genetic flexibility under selective pressure. During its replica- 
tive cycle in patients, HIV accumulates mutations at such a high rate that the 
selective pressure inflicted on the immune system, or generated by antiviral 
drugs rapidly triggers the appearance of escape mutants. Currently available 
drugs, when used singly, are not capable of suppressing vims replication in 
patients to such a level that the generation of mutations, from which a variant 
resistant to immune attack or antiviral dmgs can be selected, is prevented. This 
is the main reason why combination therapy, usually of three dmgs, has 
become the standard procedure for the treatment of AIDS. 

It is obvious that vims eradication will not readily be achievable, so that 
dmgs have to be taken for a prolonged time or even lifelong so as to keep the 
viral load as low as possible. Whether the currently used dmg combinations 
will be able to control vims replication in a particular patient for such a pro- 
longed period of time depends on many factors, most of which are addressed 
in the different chapters of this book. 

The aim of antiviral dmg combination therapy for AIDS is ultimately to 
restore full function of the immune system. The expected immunological ben- 
efit is one of the major determinants driving the decision when to start thera- 
py. In principle, treatment should be started sufficiently early, so as not to com- 
promise too much immune competence. However, in the past the traditional 
dmg regimens have been compounded by a number of side-effects which often 
caused patients to not adhere to dmg intake. It could be argued therefore that 
therapy should not be started too early, so as not to weaken motivation for life- 
long compliance in the face of more harm from side-effects of the dmgs than 
of the disease itself. Shifting treatment guidelines reflects this difficult bal- 
ance. In addition, the potency of the individual dmgs also contributes to the 
choice of the dmgs to be incorporated in the combination regimens. 

Current clinical tools to evaluate the success of antiretroviral combination 
therapies are still based on viral load, reflecting vims replication, and CD4 
count, reflecting the status of the immune system. A new tool has recently 
emerged: dmg resistance testing. It is logical that knowledge of dmg resistance 
will help in therapy decisions; however, scientific evidence was only recently 
firmly established, so that guidelines now include resistance testing. Other 
parameters such as dmg level monitoring and dmg adherence are considered 
very valuable, but have not been evaluated sufficiently thoroughly in prospec- 
tive studies to warrant their use in routine clinical practice. 
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In the introduction chapter of the book, Erik De Clercq provides an 
overview of the four different classes of compounds that are now available for 
the treatment of AIDS, the so-called NRTIs (nucleoside reverse transcriptase 
inhibitors), NtRTIs (nucleotide reverse transcriptase inhibitors), NNRTIs (non- 
nucleoside reverse transcriptase inhibitors) and Pis (protease inhibitors). A 
fifth class, that of the virus-cell fusion inhibitors, is represented by a single 
compound (enfuvirtide) that has recently been approved and that, together 
with the NRTIs, NtRTIs, NNRTIs and Pis, could be included, when available 
and desirable, into combination drug regimens. 

How antiviral drug therapy of AIDS evolved from a single drug (zidovu- 
dine) therapy in 1987 to what today is commonly referred to as highly active 
antiretroviral therapy (HAART) is chronicled by Deborah Konopnicki and 
Nathan Clumeck. 

Cecile L. Tremblay and Martin S. Hirsch then describe the basic principles 
for combining different drugs in the treatment of HIV infection. Simply stat- 
ed, triple drug combinations do better than dual drug combinations, which, in 
turn, score better than single drug monotherapy. Roger Paredes, Bonaventura 
Clotet and Lidia Ruiz have assessed different forms of multiple-drug regimens 
from a comparative viewpoint. 

The drug levels achieved at the site(s) of virus replication are of paramount 
importance to predict the efficacy of any drug regimen, and this should 
become clear from the chapter of Michael Kurowski on the pharmacokinetics 
and pharmacodynamics of the therapeutic regimens used. 

Luc Perrin and Marie-Charlotte Bernard discuss HAART treatment for pri- 
mary HIV infection, an indication which today is recommended only within 
the scope of formal clinical trials. This chapter is followed by the chapter of 
Marianne Harris and Julio S.G. Montaner on salvage therapy for which, as for 
first-line therapies, sustained immunological and clinical benefit has been 
demonstrated only when complete suppression of plasma viral load is 
achieved. 

Felipe Garcia, Joan Joseph and Jose M. Gatell tell us what to expect from 
structural therapy interruptions (STIs) as a strategy to re-activate or reconsti- 
tute immunity, a provocative approach towards the therapeutic management of 
HIV infections. The kinetics of immune reconstitution and the current limita- 
tions thereof are further analyzed by Brigitte Autran. 

Specific aspects have to be considered when dealing with HAART in chil- 
dren infected with HIV-1, and suggestions on how to treat such pediatric 
HIV-1 infections are proposed by Nicole H. Tobin and Lisa M. Frenkel. 

Treatment failure continues to occur commonly because of a multitude of 
reasons and, when assessing remedies to prevent or overcome treatment fail- 
ures, discontinuation of drug therapy for toxicity, non-adherence or other rea- 
sons must be distinguished from virologic, immunologic and clinical treatment 
failures, as pointed out by Roy M. Gulick. 

One of the major reasons for treatment failure is the development of HIV 
resistance towards the antiretroviral medications. The sensitivity of HIV-1 to 
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antiretrovirals can be monitored by either genotyping or phenotyping, or both. 
The economic impact, i.e., costs of medical care, for HIV-1 drug resistance 
testing is analyzed by Christopher Holtzer and Michael Youle. 

Taken all the foregoing considerations together, a number of issues could be 
raised, as to when antiretroviral therapy should be indicated, which drug regi- 
mens are likely to be the most efficacious, how antiretroviral therapy, once it 
has been initiated, should be monitored, and when drug regimens need to be 
changed in individual patients. Charles C.J. Carpenter has formulated the 
guidelines for optimal antiretroviral therapy, ultimately aimed at providing the 
most effective and durable virologic, immunologic and clinical response. 

In the final chapter, Ume L. Abbas and John W. Mellors envision the future 
of antiretroviral therapy. They describe a number of new promising antiretro- 
virals that are in development, addressing, in particular, new NRTIs (among 
which emtricitabine has in the mean time been approved for clinical use 
(Emtriva™)), NNRTIs, Pis (such as atazanavir, now also approved for clinical 
use (Reyataz™)), viral entry and integrase inhibitors, as well as some impor- 
tant procedures, such as therapeutic drug monitoring (TDM) and strategies, 
such as immune-based therapies (including therapeutic vaccines), cytokines 
(i.e. IL-2) and intermittent therapy with once-daily dosing regimens, that 
should keep pace with globally growing AIDS pandemic. 

Combination therapy of AIDS is a complex matter. Many things can go 
wrong, and clinicians need sufficient training and expertise to be able to make 
the wisest decision in any particular setting. Continued education is a must, 
and comprehensive coverage is needed to bring this complex matter to the clin- 
ical and medical practice in a sufficiently elaborated way. Also researchers, 
whether basic or clinical, should familiarize themselves with all aspects of 
treating HIV patients, in order to grasp where the needs are for continued 
progress and extended knowledge. Drug designers should be aware of the 
complexities associated with the ultimate use of their potential new drugs. This 
is why this book will fill the needs of clinicians, healthcare workers, 
researchers and drug designers. It aims at delineating the complexity of com- 
bination therapy for AIDS, thereby providing guidance on the optimal use of 
the anti-HIV drugs. 



Erik De Clercq 
Anne-Mieke Vandamme 
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Anti-HIV agents to be used in drug combination 
regimens 

Erik De Clercq 

Rega Institute for Medical Research, Katholieke Universiteit Leuven, B- 3000 Leuven, Belgium 



Introduction 

Antiviral therapy and, particularly, anti-HIV therapy has definitely come of 
age [1], There are now more than 30 compounds that have been formally 
approved for the therapy of virus infections. The nucleoside reverse transcrip- 
tase inhibitors (NRTIs) zidovudine, didanosine, zalcitabine, stavudine, lamivu- 
dine and abacavir are used in the treatment of human immunodeficiency virus 
(HIV) infections and lamivudine is also licensed for the treatment of hepatitis 
B virus (HBV) infections. The nucleotide reverse transcriptase inhibitor 
(NtRTI) tenofovir has been approved for the treatment of HIV infections and 
is also effective against HBV infections. The non-nucleoside reverse tran- 
scriptase inhibitors (NNRTIs) nevirapine, delavirdine and efavirenz are exclu- 
sively used in the treatment of HIV infections, and so are the HIV protease 
inhibitors (Pis) saquinavir, ritonavir, indinavir, nelfinavir, amprenavir and 
lopinavir. 

The drugs currently used in the treatment of HIV infections (AIDS), with 
their generic and brand names, are listed in Table 1. They can be catalogued 
according to their molecular target of action: reverse transcriptase (substrate 
binding site (NRTIs and NtRTIs), non-substrate binding site (NNRTIs) or pro- 
tease (Pis)). 



Virus-drug resistance 

Mutations, engendering resistance (or reduced susceptibility) to the different 
NRTIs, NtRTIs, NNRTIs and Pis, have been described at, respectively, the 
reverse transcriptase (RT) and protease level. These mutations follow charac- 
teristic patterns, which differ for the different classes of HIV inhibitors 
(NRTIs, NtRTIs, NNRTIs and Pis) but show remarkable similarities within 
each class of inhibitors (Tab. 2) [2]. For tenofovir, only one mutation (K65R) 
has been associated with resistance, which makes it clearly different from the 
NRTIs, which, in general, give rise to multiple mutations in the RT. 
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Table 1 . Drugs currently used to treat HIV infections (AIDS) 



Drug 


Brand name 


Nucleoside reverse transcriptase inhibitors (NRTIs) 


Zidovudine (AZT) 


Retrovir 


Didanosine (ddl) 


Videx 


Zalcitabine (ddC) 


Hivid 


Stavudine (d4T) 


Zerit 


Lamivudine (3TC) 


Epivir 


Abacavir (ABC) 


Ziagen 


Emtricitabine [(-)FTC] 


Emtriva 


Nucleotide reverse transcriptase inhibitors (NtRTIs) 


Tenofovir disoproxil fumarate 


Viread 


Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 


Nevirapine 


Viramune 


Delavirdine 


Rescriptor 


Efavirenz 


Sustiva, Stocrin 


Protease inhibitors (Pis) 


Saquinavir 


Fortovase, Invirase 


Ritonavir 


Norvir 


Indinavir 


Crixivan 


Nelfinavir 


Viracept 


Amprenavir 


Agenerase 


Lopinavir (with ritonavir) 


Kaletra 


Atazanavir 


Reyataz 


Viral fusion inhibitors 


Enfuvirtide 


Fuzeon 



As the emergence of resistance towards current anti-HIV drugs is an impor- 
tant determinant in eventual therapy failure, attempts have been focussed on the 
development of new anti-HIV compounds that either interact with targets other 
than the HIV reverse transcriptase or protease, or are capable of suppressing 
HIV strains that are resistant to the current HIV RT and protease inhibitors. 



Virus adsorption inhibitors 

Numerous polyanionic compounds, i.e., polysulfates (i.e., dextran sulfate, dex- 
trin sulfate, heparin, heparan sulfate, polyvinylalcohol sulfate (PVAS), ...), 
polysulfonates (i.e., suramin, poly(4-styrene)sulfonate, polyvinylsulfonate 
(PVS), ...), polynucleotides (such as zintevir (a 17-mer capable of forming a 
double guanine quartet)), polyoxometalates, negatively charged albumins, and 
polycarboxylates (i.e., aurintricarboxylic acid (ATA)) have been reported to 
block HIV replication through interference with the interaction of the viral 
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Table 2. 



Mutations in the reverse transcriptase gene associated with reduced susceptibility to reverse 
transcriptase inhibitors 
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Table 2. (Continued) 



Mutations in the protease gene associated with reduced susceptibility to protease inhibitors 
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Mutations in the gp4J envelope gene associated with resistance to entry inhibitors 
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envelope glycoprotein (gpl20) with the CD4 receptor at the cell surface. To 
this class of compounds also belong the cosalane derivatives where the poly- 
carboxylate moiety has been attached to a membrane-interactive steroid (i.e., 
cholestane) [3]. The major role of the polyanionic substances, including the 
cosalane derivatives, may reside in their use as topical (i.e., vaginal) microbi- 
cides in the prevention of the sexual transmission of HIV infection. Also, 
cyanovirin-N, a 11-kDa protein originally isolated from the cyanobacterium 
Nostoc ellipsosporum , prevents the interaction of the viral envelope gpl20 
with its target cell receptors and thus qualifies as a potential microbicide to 
prevent the transmission of HIV [4, 5]. 
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The attachment of the HIV surface glycoprotein gpl20 to CD4 + cells, the 
first step in virus entry, can also be blocked by CD4-immunoglobulin G2 
(CD4-IgG2, PRO 542), a recombinant antibody-like fusion protein wherein 
the heavy- and light-chain variable domains of human IgG2 have been 
replaced with the D1D2 domains of human CD4 [6]. Preliminary evidence of 
antiviral activity, as monitored by a reduction in plasma viral load, was noted 
after (single) intravenous infusion of PRO 542 in HIV-infected individuals [7]. 



Viral co-receptor antagonists 

Following their binding to the CD4 receptor, the HIV particles must interact, 
again through their envelope glycoprotein gpl20, with either CXCR4 (the 
receptor for the CXC chemokine SDF-1 (stromal-cell derivatived factor)) or 
CCR5 (the receptor for the CC chemokine RANTES (regulated upon activa- 
tion, normal T-cell expressed and secreted)) before they can enter the cells: 
CXCR4 acts as the co-receptor for HIV-1 strain that infect T-cells (T-tropic or 
X4 strains) and CCR5 functions as the co-receptor for HIV-1 strains that infect 
macrophages (M-tropic or R5 strains). Viral entry into the cells can be blocked 
at the CCR5 level, i.e., by TAK-779, a quaternary ammonium derivative, and 
at the CXCR4 level, i.e., by the bicyclam AMD3100. TAK-779 and AMD3100 
have been shown to inhibit, in the nanomolar concentration range, the replica- 
tion of R5 HIV-1 strains [8] and X4 HIV-1 strains [9], respectively. So as to 
simultaneously block X4 and R5 HIV strains, future developmental plans 
should focus on the combination of CXCR4 and CCR5 antagonists, or, if fea- 
sible, on the use of compounds that antagonize both receptors. 

Following TAK-779, a number of piperidinylpiperidine derivatives, i.e., 
SCH 351125 [10], have been described as potent and selective CCR5 antago- 
nists. They block the binding of RANTES to CCR5, as well as the replication 
of R5 HIV-1 strains, within the nanomolar concentration range. SCH 351125 
(SCH-C) also strongly inhibits the replication of R5 HIV-1 in SCID-hu 
Thy/Liv mice, shows a favorable pharmacokinetic profile (i.e., good oral 
bioavailability in rats, dogs and monkeys), and has been selected as the drug 
candidate for further human clinical trials [11]. Preliminary clinical data, 
based on the oral administration of 25 mg SCH-C twice daily for 10 days to 
12 adults infected with HIV-1 and currently on no antiretroviral agents, indi- 
cated that SCH-C is able to achieve a 0.5-1.0 log 10 reduction in viral load [12]. 

The bicyclams had been known as potent and selective HIV inhibitors for a 
number of years before their target of action was identified as the CXCR4 
coreceptor [9]. The bicyclam AMD3100 inhibits the replication of X4 HIV-1 
strains within the nanomolar concentration range [13, 14]. The inhibitory 
effects of AMD3100 on the T-tropic and dual (X4/R5)-tropic HIV-1 strains 
have been demonstrated in a wide variety of cells expressing CXCR4, includ- 
ing peripheral blood mononuclear cells (PBMCs). AMD3100 has proved effi- 
cacious, alone and in combination with other anti-HIV drugs, in achieving a 
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marked reduction in viral load in the SCID-hu Thy/Liv mouse model [15]. 
Following a phase I clinical trial for safety in normal healthy volunteers [16], 
AMD3100 entered phase I/II clinical trials in HIV-infected individuals, where 
it was found to effect a dose-dependent reduction of the T-tropic X4 HIV plas- 
ma viral load [17]. Notably, in eight of 19 patients with dual (X4/R5) or mixed 
(X4 + R5) virus at baseline, a complete loss of X4 virus was observed by day 
1 1 of treatment with an AMD-3100 dose as low as 5 pg/kg/h. 



Viral fusion inhibitors 

The interaction of the X4 or R5 HIV envelope glycoprotein gpl20 with the co- 
receptors CXCR4 and CCR5, respectively, is followed by a spring-loaded 
action of the viral glycoprotein gp41 that then anchors through its amino ter- 
minus into the target cell membrane and initiates the fusion of the two lipid 
bilayers (viral envelope and cellular membrane). This fusion process can be 
blocked by enfuvirtide (T-20, also called pentafuside and DP- 178), a synthet- 
ic 36-amino acid peptide corresponding to residues 127-162 of the 
ectodomain of gp41 (or residues 643-678 in the gpl20 precursor) (Fig. 1). 
Proof-of-concept that HIV fusion inhibitors are able to reduce virus replication 
in vivo has been provided by an initial clinical trial, where T-20 was found to 
achieve a 1.5- to 2.0-fold reduction in plasma viral load at the highest dose 
used (100 mg, twice daily) [18]. 

In a phase III, open-label, study, the so-called T-20 versus Optimized 
Regimen Only Study 1 (TORO 1) [19], patients from 48 sites in North and 
South America, with at least 5000 copies of HIV-1 RNA per ml of plasma were 
randomly assigned in a 2:1 ratio to receive enfuvirtide plus an optimized back- 
ground regimen of three to five antiretroviral drugs or such a regimen alone 
(control group). Enfuvirtide (90 mg) was administered twice daily by subcuta- 
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Figure 1 . Enfuvirtide. 
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neous injection. At 24 weeks, the mean change from base line in the viral load 
(intention-to-treat) was a decrease of 1.696 log 10 copies per ml in the enfuvir- 
tide group, and a decrease of 0.764 log 10 copies per ml in the control group 
( p < 0.001). The mean increases in CD4 + cell count were 76 cells per pi and 32 
cells per pi, respectively ip < 0.001). It was concluded that addition of enfuvir- 
tide to an optimized antiretroviral drug regimen provided significant virologic 
and immunologic benefit through 24 weeks in patients who had previously 
received multiple antiretroviral drugs and had developed multi-drug HIV-1 
resistance [19]. Enfuvirtide has been recently approved by the US Food and 
Drug Administration (FDA) for clinical use in the treatment of HIV infections. 

Sensitivity to T-20 is strongly influenced by coreceptor specificity: the EC 50 
for R5 HIV-1 isolates is, at an average, 0.8 log 10 higher than the EC 50 for X4 
HIV-1 isolates, this coreceptor specificity being defined by the gpl20 V3 loop 
[20]. Baseline sensitivity to T-20 is determined by the N-terminal heptad 
repeat or first helical region (HR1) of gp41, where mutations G36D and V38A 
confer reduced sensitivity [20, 21]. These and other mutations seem to emerge 
promptly in patients upon monotherapy with T-20 [21]. Given the variability 
in T-20 sensitivity between different virus strains depending on mutations in 
the HR1 domain of gp41, as well as modifications in the gpl20 V3 loop that 
determine coreceptor specificity [22], clinical use of fusion inhibitors such as 
T-20 may be made more efficient if combined with coreceptor antagonists. 



Viral uncoating inhibitors 

The ultimate capsid protein to be dissociated (“uncoated”) from the HIV RNA 
genome, before the latter can be submitted to the “reverse” transcription to 
proviral DNA, is the nucleocapsid protein (NCp7). NCp7 is firmly attached to 
the HIV genome, and, as it contains two zinc fingers motifs, targeting these 
zinc figures with, for example, zinc-ejecting compounds, such as azodicar- 
bonamide (ADA) [23], has been considered as an attractive approach towards 
anti-HIV therapy. In principle, NCp7-targeted compounds should be able to 
interfere with both early (i.e., uncoating) and late stages (i.e., assembly) of the 
retroviral replicative cycle. Of the NCp7-targeted compounds, ADA has been 
the first to proceed to clinical trials: some preliminary evidence of efficacy was 
witnessed with add-on ADA in advanced AIDS patients failing current anti- 
retroviral therapy [24]. These studies should be further extended before draw- 
ing any conclusions on the potential of ADA, or any other putative NCp7 zinc- 
finger inhibitors, in the treatment (or prevention) of HIV infections. 



Nucleoside reverse transcriptase inhibitors (NRTIs) 

The substrate (dNTP) binding site of the HIV reverse transcriptase (RT) is the 
target for a large variety of NRTI analogues, which have since many years [25] 
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been recognized as efficacious drugs, and which are currently used in the treat- 
ment of HIV infections: i.e., zidovudine (AZT) (Fig. 2), didanosine (ddl) 
(Fig. 3), zalcitabine (ddC) (Fig. 4), stavudine (d4T) (Fig. 5), lamivudine (3TC) 
(Fig. 6) and abacavir (ABC) (Fig. 7). In addition to these formally approved 
drugs, emtricitabine [(-)2'-deoxy-3'-thia-5-fluorocytidine or (-)FTC] has been 
recently submitted for FDA approval and several other NRTIs such as (±)2- 
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Figure 6. Lamivudine. 



Figure 7. Abacavir. 



deoxy-3'-oxa-4 , -thiocytidine (dOTC), amdoxovir [(-)-(}-D-2,6-diaminopurine 
dioxolane or DAPD], racivir [(±)2'-deoxy-3'-oxa-4'-thiocytidine (FdOTC)], 
reverset [RVT, DPC 817, p-D-2 , ,3’-didehydro-2 , ,3'-dideoxy-5-fluorocytidine 
(p-D-d4FC)], elvucitabine [ACH-126443, p-L-2 , ,3’-didehydro-2 , ,3’-dideoxy-5- 
fluorocytidine (|3-L-d4FC)], and alovudine [MIV-310, 3 , -fluoro-2 , ,3 , -dideoxy- 
thymidine (FddThd)] are in different stages of clinical development. 

As a rule, these newer NRTIs retain activity against AZT- and/or 3TC-resist- 
ant HIV-1 strains, as has been specifically demonstrated for dOTC [26] and 
DAPD [27]. All NRTIs (whether old or new) have to be converted intracellu- 
larly, through three consecutive phosphorylations, to their 5'-triphosphate form 
before the latter can act as competitive inhibitors/substrate analogues/chain 
terminators at the reverse transcriptase level. The first phosphorylation step is 
the rate-limiting step in the intracellular metabolism of the NRTIs, and sever- 
al nucleotide prodrugs have been designed that directly deliver the 5'- 
monophosphate form inside the cells: i.e., d4T aryloxyphosphoramidate [28] 
and cyc/osaligenyl d4TMP [29]. Both these constructs release the d4T 5'- 
monophosphate within the cells and thus circumvent or by-pass the thymidine 
kinase needed for the first phosphorylation step. 



Nucleotide reverse transcriptase inhibitors (NtRTIs) 

The acyclic nucleoside phosphonates 9-(2-phosphonylmethoxyethyl)adenine 
(PMEA) and (R)-9-(2-phosphonylmethoxypropyl)adenine (PMPA) can be 
considered as nucleotide analogues in which the phosphate group has been 
built in as an enzymatically stable phosphonate moiety. These compounds thus 
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bypass the first phosphorylation step, and require only two phosphorylations 
to be converted to their active metabolites, the diphosphate derivatives 
PMEApp and PMPApp. In this form they act as competitive inhibitors/sub- 
strates, with respect to dATP, in the HIV and HBV reverse transcriptase reac- 
tion, and when incorporated into the viral DNA chain, they obligatorily termi- 
nate further chain elongation. As neither PMEA (adefovir) nor PMPA (teno- 
fovir) are readily bioavailable by the oral route, they have been converted to 
their oral prodrugs bis(pivaloyloxymethyl)-PMEA (adefovir dipivoxil) and 
bis(isopropyl-oxycarbonyloxymethyl)-PMPA (tenofovir disoproxil). The for- 
mer has been licensed (Hepsera®) for the treatment of chronic HBV infections, 
whereas the latter, tenofovir disoproxil fumarate (Viread®) (Fig. 8), has been 
approved for the treatment of HIV infections. 

Clinical trials have demonstrated that tenofovir (disoproxil fumarate) is well 
tolerated, reduces the viral load at non-toxic doses, and induces little, if any, 
virus-drug resistance even after prolonged (>1 year) treatment [30, 31]. In rhe- 
sus macaques infected with the highly pathogenic chimeric virus SHIV, teno- 
fovir treatment initiated 1 week post infection, at a time when disseminated 
infection and extensive viral replication had already been established and 
CD4 + T-cell loss had begun, led to prompt, virtually complete suppression of 
viral replication and long-term stabilization of CD4 + T-cell levels, which were 
sustained, even after withdrawal of tenofovir (after 12 weeks of treatment) 

[32] . In a monotherapy trial with tenofovir disoproxil fumarate in 10 chroni- 
cally HIV- 1 -infected antiretroviral-naive individuals, the drug achieved a 1.5 
log 10 reduction in HIV-1 RNA levels during the 3 weeks of therapy, a response 
that was considered as robust as that observed with ritonavir monotherapy 

[33] . Apart from its efficacy, safety and tolerability, tenofovir disoproxil 
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Figure 8. Tenofovir disoproxil fumarate (TDF). 
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fumarate has a number of unique characteristics. It demonstrates activity 
against viruses resistant to the “classical” nucleoside analogues (i.e., zidovu- 
dine, didanosine and zalcitabine), including multidrug-resistant viruses carry- 
ing the Q151M mutation in their reverse transcriptase; and, furthermore, the 
long intracellular half-life of the active metabolite of tenofovir, its diphosphate 
PMPApp, which ranges from 12 to 15 h in activated lymphocytes and from 33 
to 50 h in resting lymhocytes [34] allows infrequent, i.e., once-daily, dosing. 



Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 

NNRTIs are defined by the fact that they interact with an allosteric, non-sub- 
strate binding site of the HIV-1 reverse transcriptase [35], and, consequently, 
they are only (or primarily) active against HIV-1, and not any of the other 
retroviruses. The officially approved NNRTIs nevirapine (Fig. 9), delavirdine 
(Fig. 10) and efavirenz (Fig. 11) have acquired a definitive “niche” in drug 
combination regimens for the treatment of HIV infections. As the older 
NNRTIs are notorious for rapidly eliciting virus-drug resistance (resulting 
from mutations at amino acid residues surrounding the NNRTI-binding site of 
HIV-1 RT), attempts have been made to design newer NNRTIs with higher 
potency and/or resilience to drug resistance mutations. This search has yield- 
ed a number of compounds which are indeed active against HIV strains that 
are resistant to the older NNRTIs. These “second generation” NNRTIs are now 
in development as potential drugs for the treatment of HIV-1 infections: they 
include capravirine (S-1153, AG1549) [36], SJ-3366 [37], DPC 083 [38] and 
dapivirine (TMC 125, R165335) [39]. As a rule, these newer NNRTIs are 
indeed active against those mutant virus strains that have developed resistance 
(primarily due to the K103N and Y1 8 1C mutations in the HIV-1 reverse tran- 
scriptase) to the “first generation” NNRTIs. 
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Figure 9. Nevirapine. 
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Figure 10. Delavirdine. 
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Figure 11. Efavirenz. 



When administered orally twice daily at a dose of 900 mg for 7 days in 
treatment-experienced patients with highly NNRTI-resistant virus and current- 
ly failing on an NNRTI-containing regimen, TMC125 demonstrated signifi- 
cant antiviral potency (viral load reduction up to 0.9 log 10 ) [40]. In another 
study, monotherapy with TMC125 in antiretroviral-naive HIV- 1 -infected indi- 
viduals effected, after 1 week of treatment, a 1. 5-2.0 log 10 reduction of viral 
load, with a similar initial rate of decline of plasma HIV-1 as seen with a 
five-drug regimen [41]. DPC 083, administered orally once daily at a dose of 
100 mg, in patients who had failed on the current NNRTIs and harbored 
NNRTI-resistant mutations, effected, after 8 weeks of treatment, a viral load 
reduction of 1.28 log 10 [42]. In antiretroviral-naive HIV- 1 -infected individuals, 
DPC 083 at an oral once-daily drug regime of 50, 100 or 200 mg provided 
through plasma drug levels that exceeded the IC 90 for NNRTI-resistant HIV-1 
mutants [43]. 
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HIV integrase inhibitors 

Gene expression (i.e., transcription to viral RNA) of the (pro)viral HIV DNA is 
only possible after the latter has been integrated into the host chromosome, and 
thus integrase has been considered an attractive target for chemotherapeutic 
intervention with the HIV replicative cycle. In the past, numerous integrase 
inhibitors have been described. None, however, showed sufficient specificity to 
be further pursued as an integrase-targeted drug. In some cases, as with 
L-chicoric acid [44], selective anti-HIV activity was noted in cell culture, but, 
then, the antiviral activity could be attributed primarily to inhibition of virus 
adsorption rather than proviral DNA integration. Of the compounds reported 
thus far, very few qualify as genuine inhibitors of HIV integrase, the first exam- 
ple being the 4-aryl-2,4-dioxobutanoic acid derivatives, or the so-called diketo 
acids (L-73 1,988 and L-708,906). These compounds were found to inhibit 
HIV-1 replication in cell culture, on the one hand, and to inhibit the strand trans- 
fer function of the integrase, on the other hand; and these two events could be 
causally linked, as mutations in the HIV-1 integrase conferred resistance to the 
inhibitory effects of the compounds on both strand transfer and HIV-1 infectiv- 
ity [45]. Antiviral resistance to the diketo acid L-708,906 is associated with the 
mutations T66I, L74M and S230R in the HIV-1 integrase gene [46]: after 30 
passages of HIV-1 in the presence of L-708,906, the T66I mutant was detected. 
On further passaging (up to 70 passages), the virus retained the T66I mutation 
but, in addition, acquired the L74M and S230R mutations. This multiple- 
mutant virus proved highly resistant to the diketo acid L-708,906 [46]. 

Reportedly in clinical development is the diketo derivative S-1360: this 
compound was recently announced as an HIV-1 integrase inhibitor for oral use 
[47]. S-1360 would inhibit the HIV-1 integrase at an IC 50 of 20 nM, and HIV-1 
replication at an EC 50 of 140 nM, while its CC 50 would be 110 pM, thus 
achieving a therapeutic index of almost one thousand [47]. Another HIV-1 
integrase inhibitor that reportedly entered clinical development is the 
l,6-naphthyridine-7-carboxamide L-870810 [48]. The mechanism of action of 
the diketo acids (i.e., L-731,988), as well as S-1360 and L-870810 may be 
based on an interaction between the carboxylate of the diketo acid or the isos- 
teric heterocycle in the other compounds and metal ion(s) in the active site of 
the integrase, resulting in a functional sequestration of these critical metal 
cofactors [49]. 

Recently, an entirely new class of HIV integrase inhibitors was identified, 
namely that of the 5//-pyrano[2,3-di:-6,5-d’]dipyrimidines (PDPs); the most 
potent congener of this series, V-165 inhibited the replication of HIV-1 at an 
EC 50 of 8.9 pM, which is 14-fold below the cytotoxic threshold [50]. A close 
correlation was found between the anti-HIV activity observed in cell culture 
and the inhibitory activity in the integrase strand transfer assays. Time-of-addi- 
tion experiments confirmed that V-165 interfered with the viral replication 
cycle at a time point coinciding with integration, a conclusion corroborated by 
Alu - PCR [50]. Whether V-165 or any of the aforementioned HIV integrase 
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inhibitors may have clinical utility as such, or in combination with other anti- 
HIV agents, remains to be demonstrated. 



HIV transcription inhibitors 

At the transcription level, HIV gene expression may be inhibited by com- 
pounds that interact with cellular factors that bind to the long terminal repeat 
(LTR) promoter and that are needed for basal level transcription, such as NF- 
kB inhibitors [51]. Greater specificity, however, can be expected from those 
compounds that specifically inhibit the transactivation of the HIV LTR pro- 
moter by the viral trans-acting transactivator (Tat) protein. Several compounds 
have been described as inhibitors of the transcription process. For example, the 
9-mer peptoid CGP64222, which is structurally reminiscent of the amino acid 
48-56 sequence RKKRRQRRR of Tat, was designed to act as a Tat antagonist, 
and, although this 9-mer peptoid is able to interact with the Tat-driven tran- 
scription process, its anti-HIV activity in cell culture could be primarily attrib- 
uted to an interaction with CXCR4, the co-receptor for X4 HIV strains [52]. 

Capping and methylation of HIV pre-mRNAs are coupled to the elongation 
by polymerase II. Binding of the capping enzyme and cap methyltransferase 
to polymerase II depends on phosphorylation of its carboxyl-terminal domain, 
and capping and methylation reactions start as soon as the nascent pre-mRNA 
has attained a chain length of 19-22 nucleotides. It has been recently demon- 
strated that the cotranscriptional capping of HIV mRNA is stimulated by Tat, 
consequently to its binding to the capping enzyme [53]. These findings impli- 
cate capping as an elongation checkpoint critical to HIV gene expression, and 
thus corroborate earlier observations that S-adenosylmethionine-dependent 
methylations play an important role in the Tat-dependent transactivation of 
transcription from LTR [54]. They also offer an explanation for the inhibitory 
effects of S-adenosylhomocysteine hydrolase inhibitors, such as neplanocin A 
and 3-deazaneplanocin A on both Tat-dependent transactivation and HIV repli- 
cation. The (potential) role that may be reserved for S-adenosylhomocysteine 
hydrolase inhibitors in vivo , in the treatment of HIV infections, remains to be 
established. 



HIV protease inhibitors 

Viral proteases play a critical role in the life cycle of many different viruses, 
i.e., besides HIV, herpes-, picoma- and flaviviruses. As to its role in HIV repli- 
cation, HIV protease secures the cleavage of the gag and gag-pol precursor 
proteins to the mature structural proteins (pl7, p24, p9, p7) and functional pro- 
teins (protease, reverse transcriptase/RNAse H, and integrase), thus arresting 
maturation and thereby blocking infectivity of the nascent virions [55]. HIV 
protease inhibitors have been tailored after the target peptidic linkages in the 
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gag and gag-pol precursor proteins that have to be cleaved by the protease. All 
six protease inhibitors that are currently approved and used for the treatment 
of HIV infections, namely saquinavir (Fig. 12), ritonavir (Fig. 13), indinavir 
(Fig. 14), nelfinavir (Fig. 15), amprenavir (Fig. 16) and lopinavir (Fig. 17), 
share the same structural determinant, i.e., an hydroxyethylene core group 
(instead of the normal peptidic linkage) that makes them non-scissile, “pep- 
tidomimetic”, substrate analogues of the HIV protease [56]. The HIV protease 
inhibitors have proven to be valuable therapeutics in drug combination sched- 
ules with NRTIs and NNRTIs, in the treatment of HIV infections. Yet, they are 
met by a number of compounding factors, including overlapping resistance 
patterns (for example, mutations L10F/I/R/V, K20M/R, L24I, M46I/L, F53L, 
I54L/T/V, L63P, A71I/L/T/V, V82A/F/T, I84V and L90M are associated with 
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Indinavir 
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Figure 14. Indinavir. 
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Figure 15. Nelfinavir. 
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Figure 16. Amprenavir. 
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Figure 17. Lopinavir. 



reduced susceptibility to lopinavir [57]) and long-term side-effects (e.g., meta- 
bolic disturbances such as lipodystrophy and insulin-refractory diabetes, and 
cardiovascular complications). This has prompted the search for new, non-pep- 
tidic inhibitors of HIV protease, that would, hopefully, combine excellent anti- 
HIV potency with little or no cross-resistance with the “older” drugs and bet- 
ter tolerability on both short and long term. To these potential new candidate 
drugs that may fulfill at least part of the expectations belong atazanavir (BMS- 
232632) [58] and tipranavir (PNU-140690) [59]. 

Atazanavir is now in phase III clinical trials; it has been accredited with a 
favorable resistance profile that does not parallel any of the other protease 
inhibitors currently in clinical use, as well as a favorable pharmacokinetic pro- 
file that would allow once-daily dosing. Atazanavir, in combination with either 
stavudine, didanosine, lamivudine, zidovudine, nelfmavir, indinavir, ritonavir, 
saquinavir or amprenavir, yielded additive to moderately synergistic antiviral 
effects [58]. Nelfmavir-, saquinavir-, and amprenavir-resistant HIV-1 strains 
remained sensitive to BMS-232632, while indinavir- and ritonavir-resistant 
viruses showed six- to nine-fold changes in BMS-232632 sensitivity. On the 
other hand, BMS-232632-resistant (N88S, I84V) virus, selected upon virus 
passage in the presence of the compound, remained sensitive to saquinavir, but 
showed various levels (0.1- to 71 -fold decrease in sensitivity) of cross-resist- 
ance to nelfmavir, indinavir, ritonavir and amprenavir [60]. Also tipranavir 
showed low cross-resistance to HIV strains that were resistant to the established 
(peptidomimetic) inhibitors of HIV protease [61]. Of 105 clinical HIV-1 sam- 
ples with more than tenfold resistance to three or four of the peptidomimetic 
protease inhibitors and an average of six mutations per sample, 90% were sus- 
ceptible to tipranavir, 8% had four- to 10-fold resistance, and only 2% had more 
than 10-fold resistance, to tipranavir [62]. Typically HIV-1 isolates with the 
protease inhibitor resistance mutations LI 01, K20M, M36I, L63P, A71V, V82T 
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and L90M retained susceptibility to tipranavir [63]. In addition, tipranavir 
retains marked activity against HIV-1 isolates derived from patients with mul- 
tidrug resistance to other protease inhibitors [59], and might therefore be use- 
ful in combination regimens with other antiretroviral agents for patients who 
already failed on other protease inhibitor-containing drug regimens. 

Recently, a novel HIV-1 protease inhibitor [UIC-94003 (TMC-126)], con- 
taining a ^fs-tetrahydrofuranyl urethane and 4-methoxybenzenesulfonamide, 
and thus structurally related to amprenavir, was reported to be extremely potent 
against a wide spectrum of HIV-1 strains (EC 50 : 0.3-0.5 nM), whether resistant 
to other Pis or not [64]. Upon selection of HIV-1 in the presence of UIC-94003, 
mutants carrying a novel active-site mutation, A28S, in the presence of L10F, 
M46I, I50V, A71V and N88D, appeared. Modeling analysis revealed that close 
contact of UIC-94003 with the main chain of the protease active-site amino acid 
residues D29 and D30 differed from that of other Pis and may be important for 
its potency, particularly against drug-resistant HIV-1 variants [64]. 



Drug combinations 

Given the number of anti-HIV agents that have now been licensed for clinical 
use and that essentially belong to five different categories (NRTIs, NtRTIs, 
NNRTIs, Pis and Fusion inhibitors), the number of possible drug combinations 
(Fig. 18) has become so large (and may be expected to expand in the future) 




Figure 18. Combinations of NRTIs, NtRTIs, NNRTIs and Pis. These combinations could be extend- 
ed with viral fusion inhibitors (i.e., enfuvirtide), when available. 
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that a rational choice of the optimal combination will be hard, if not impossi- 
ble. It also follows that the optimal drug combination could not be generalized 
but should be individualized. 

From an overview of the anti-HIV drug combinations that have been the sub- 
ject of several clinical studies (Fig. 19), it appears that the highest success rates, 
in terms of achieving undetectable HIV loads in the highest percentage of 
patients, have been achieved with the combination of stavudine (d4T) + 
lamivudine (3TC) + efavirenz (EFV) and the combination of tenofovir diso- 
proxil fumarate (TDF) + lamivudine (3TC) + efavirenz (EFV) [65, 66]. The lat- 
ter combination appeared to be the more promising because of the lack of con- 
comitant biochemical side-effects (triglyceride and cholesterol increases) [67]. 



Regimen (trial) 



d4T + ddl + EMV (MKC-302) 
AZT + 3TC + APV (PROAB 3301) 
AZT + 3TC + IDV (START II) 
AZT + 3TC + ABC (CNA3005) 
d4T + ddl + IDV (START II) 
AZT + 3TC + IDV (DM P-006) 
AZT + 3TC + IDV (AVANTI 2) 
AZT + ddl + NVP (INCAS) 
AZT + 3TC + NFV (AVANTI 3) 
AZT + 3TC + IDV (CNA3005) 
AZT + 3TC + IDV (START I) 
d4T + 3TC + EMV (MKC-302) 
d4T + ddl + 3TC (Atlantic) 
d4T + 3TC + IDV (START I) 
d4T + ddl + NVP (Atlantic) 
2 NRTIs + SQV-SGC (NV-15355) 
AZT + 3TC + ABC (CNAB3003) 
d4T + ddl + IDV (Atlantic) 
AZT + 3TC + EFV (DMP-006) 
d4T + 3TC + EFV (DMP-043) 
d4T + 3TC + EFV (GS-903) 
TDF + 3TC + EFV (GS-903) 




Figure 19. Results from clinical trials of various anti-HIV drug combinations: percent of patients with 
HIV load RNA < 50 copies/ml at 48 weeks (ITT: intention to treat). Figure adapted from references 
[65, 66]. 



Conclusion 

Various anti-HIV agents, targeted at a multitude of different steps within the 
HIV replicative cycle are now available, or under development, as therapeutic 
agents for the treatment of HIV infection (AIDS). So as to minimize the risks 
for the emergence of virus-drug resistance, it is obvious that these different 
compounds will have to be combined in the appropriate drug combination 
schedules which will have to be adjusted regularly, pending the clinical 
response to the older drugs, and the availability of newer compounds. 
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Introduction 

The history of HIV treatment is characterised by a rapid development. In 1987, 
6 years after the discovery of AIDS, the US Food and Drug administration 
approved the first drug against HIV. Since then three different classes of anti- 
retroviral drugs including 16 drugs are currently available, others have reached 
phase III studies and immunotherapy and vaccines are in development. 

This history is also characterised by new approaches to treatment research 
and drug development. Patient associations in USA and Europe have for the 
first time in medical history contributed to accelerating and changing the 
process of access to new drugs using pressure on politicians, researchers, cli- 
nicians and industry. The regulatory authorities have had to adapt their admin- 
istrative requirements in order to accelerate the availability of new com- 
pounds. The pharmaceutical industry has invested in treatment research but 
the development of new drugs has mostly been directed towards the developed 
world. Finally clinicians have learned to design clinical trials for new drugs or 
strategies and to switch from supportive care to an early highly active treat- 
ment which is aimed to control virological and/or immunological parameters. 
This chapter will focus on the history of therapy in chronically HIV-infected 
adults. 



Nucleoside reverse transcriptase inhibitors 

The first class of antiretroviral drugs to be approved in the United States and 
in Europe were the nucleoside reverse transcriptase inhibitors or NRTIs. These 
non-competitive inhibitors of the reverse transcriptase need to be activated by 
host cell phosphorylation into a triphosphate form to compete with normal 
nucleoside substrates for incorporation into the viral genome, resulting in 
chain termination and interruption of viral replication. 
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NRTI monotherapy 

Zidovudine (3'-azido-3'-deoxythymidine, AZT) a structural analogue of thymi- 
dine was the first agent approved for the treatment of HIV infection after an 
initial phase II double-blind placebo-controlled trial showed in 1986 a signifi- 
cant survival advantage in patients with advanced HIV disease receiving 
zidovudine [1]. The study compared oral zidovudine 250 mg q4h to placebo in 
282 patients with recent Pneumocystis carinii pneumonia or advanced AIDS- 
related complex. The trial was terminated early when an intermediate analysis 
after 127 days showed a significant decrease in mortality in the zidovudine 
arm (1 versus 19 deaths in the placebo arm), a decrease in the frequency and 
severity of opportunistic infections and an increase in the Kamofski perform- 
ance score. However the dosage of 1500 mg daily was associated with frequent 
and severe hematotoxicity: 24% of patients had haemoglobin levels less than 
7.5 mg/dl and 21% of patients required red cells transfusion [2]. Further stud- 
ies with patients at the same advanced stage of disease (ACTG 002) or mildly 
symptomatic (ACTG 016) demonstrated similar short term efficacy of zidovu- 
dine at lower doses with better tolerance [3-4]. 

ACTG 019 a large placebo-controlled trial compared zidovudine 500 mg qd 
or 1500 mg qd to placebo in the earlier stages of HIV infection: patients with 
less than 500 CD4 cells/pL after a median follow up of 51 to 61 weeks (w) had 
clinical and laboratory benefits when receiving zidovudine with a two- to 
three-fold decrease in the progression rate over placebo. Toxicity was reduced 
in the 500-mg arm [5]. 

However, the benefit of zidovudine monotherapy was not confirmed in a 
longer study which included 1749 asymptomatic patients followed for a medi- 
an of 3.3 years. Indeed, in the Concorde trial comparison between immediate 
versus deferred therapy with zidovudine 250 mg q6h showed no difference in 
both arms in the 3-year estimated survival rate (92-94%) and probability of 
progression to AIDS defining illness (29-32%) [6]. In the following years 
other NRTIs were developed and given as monotherapy: zalcitabine (ddC), 
didanosine (ddl), lamivudine (3TC) and stavudine (d4T). 

Rapidly, after zidovudine use, resistance induced by mutations of the reverse 
transcriptase were noted [7, 8]. Clinical trials (ACTG 116 and 117) with symp- 
tomatic patients or patients with less than 200 CD4 cells/pL compared contin- 
uing zidovudine versus switching to didanosine either soon or several months 
to years after beginning zidovudine therapy [9, 10]. Patients with no prior or 
less than 2 months of zidovudine use had the same benefits in terms of clinical 
progression or survival with either zidovudine or didanosine. However, prior 
zidovudine therapy greater than 2 months was associated with a clear benefit of 
didanosine over zidovudine, implying that resistance to zidovudine monother- 
apy appeared rapidly and earlier than expected from previous studies. 

NRTI monotherapy trials have allowed to distinguish toxicity profiles for 
each drug and with their long-term use mitochondrial toxicity due to mito- 
chondrial DNA polymerase inhibition by NRTIs was demonstrated. Different 




A perspective of the history of HAART 



27 



side-effects such as myopathy, peripheral neuropathy, lactic acidosis and 
steatosis could be explained by this common mitochondrial toxicity [11]. 



Dual NRTI therapy 

The next step was to compare NRTIs mono- to dual therapy. Rapidly it 
appeared that higher and more sustained increase in CD4 levels and decrease 
in viral load (-1 to -1.5 log 10 cp/mL) resulted from dual therapy [12, 13]. In 
the ACTG 175 trial which included 2467 patients with CD4 cells count 
between 200 and 500/pL, didanosine monotherapy or a combination of 
zidovudine plus didanosine or zidovudine plus zalcitabine showed slower clin- 
ical progression, CD4 cells count decrease and lower mortality compared to 
zidovudine monotherapy over 143 weeks [14]. This study demonstrated also 
that the progression to AIDS or death or loss of >50% of CD4 cells was asso- 
ciated with the baseline plasma viral load (VL) and the decrease of VL under 
therapy [15, 16]. These results were confirmed by the European Delta study. 
Therapy with zidovudine and zalcitabine or didanosine had substantial bene- 
fits in naive patients in terms of survival (relative reduction in mortality of 42% 
in the zidovudine plus didanosine arm and 32% in zidovudine plus zalcitabine 
arm) compared to zidovudine alone [17]. In zidovudine-experienced patients 
the addition of didanosine improved survival providing a relative reduction in 
mortality of 23%. Increase in CD4 cell count was the greatest with zidovudine 
plus didanosine at least during the first year and was superior in the dual ther- 
apy groups throughout the study. 

Other comparisons of zidovudine alone with combined zidovudine plus 
lamivudine have shown both in naive and experienced patients a more sus- 
tained decrease in plasma VL and increase in CD4 cell count under dual NRTI 
therapy [18-20]. 

Various double-NRTI therapy regimens have also been compared but dur- 
ing short follow-up periods. In naive patients didanosine plus stavudine 
reduced plasma VL and increased CD4 cells count (median: -2.23 log 10 
copies/mL and +125 cells/pL) more effectively than zidovudine plus lamivu- 
dine after 6 months (median: -1.28 log 10 copies/mL and +62 cells/pL) [21]. 
After 1 year stavudine plus lamivudine was comparable to zidovudine plus 
lamivudine in terms of virologic effect, but lamivudine with didanosine result- 
ed in a less important VL decrease [22]. 



Protease inhibitors 

A major breakthrough occurred in the mid-1990s when protease inhibitors 
(Pis) were used in a triple therapy combination with NRTIs. 

Pis prevent the packaging of mature virions by inhibiting the cleavage of the 
gag and gag-pol polyprotein precursors. In early dose escalation studies, riton- 
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avir, saquinavir or indinavir monotherapy affected plasma VL and CD4 cells 
count markedly, although this effect was transient at lower doses and associat- 
ed with the emergence of drug resistances [23-27]. 

In a double-blind study with 302 patients published in 1996, triple therapy 
with saquinavir 1800 mg plus zidovudine 600 mg plus zalcitabine 2.25 mg 
provided significantly greater reduction in plasma VL (-1 log 10 copies/mL at 
week 4) than dual therapy with zidovudine plus zalcitabine or monotherapy 
[28]. Gulick et al. in a pivotal study published in 1997, compared indinavir 
800 mg tid to zidovudine 200 mg tid plus lamivudine 150 mg bid to a combi- 
nation of the three drugs [29]. After 24 w 90% of patients receiving the triple 
therapy had undetectable HIV-RNA levels (threshold: 500 copies/mL) versus 
43% in the indinavir arm and 0 in the dual-NRTI arm. These results were 
maintained in patients reaching 52 weeks of follow up. Mean increase in CD4 
cell counts was within the same range for the combination of three drugs (+86 
cells/pL) and indinavir (+100) but inferior in the zidovudine plus lamivudine 
arm (+46). 

At that same period, the concept of triple therapy providing sustained viral 
suppression was reinforced by the demonstration that measures of VL alone or 
combined to CD4 cell counts were surrogate markers of HIV-1 progression to 
AIDS or death and that the level of viral reduction predicts clinical outcome 
[15, 30]. 

The association of two antiretroviral classes including three different drugs 
leading to sustained viral suppression has become today the standard of care 
for HIV infection under the acronym of “Highly Active Antiretroviral 
Therapy” or HAART. Soon after the introduction of HAART in the developed 
world, mortality and morbidity dramatically decreased with fewer hospital 
admissions, lower rates of opportunistic diseases and deaths [31]. 

In clinical trials which are usually performed in selected centres with high- 
ly motivated patients, HAART including ritonavir, indinavir, nelfinavir or 
amprenavir showed durable and profound viral suppression (VL at 24-52 
weeks <50 copies/mL in 48-69% of patients, depending on the PI [32-35]). 
However, in day-to-day practice few patients are reaching or maintaining viral 
suppression, probably because of the initial PI requirement. Numerous daily 
intakes because of short half-life, fasting or dietary constraints related to vari- 
ability in oral absorption or heavy pill burden and complicated schedules of 
administration made initial HAART difficult to support on the mid or longer 
term [36, 37]. In addition frequent digestive tolerance and toxicity problems 
such as indinavir-induced nephrolithiasis, Pi-induced insulin resistance, 
hyperlipemia or lipodystrophy jeopardise patient compliance and adherence to 
the treatment and add physical and psychological burdens to the therapy 
regimes. 

Different strategies have been developed to try to decrease these obstacles 
linked to the PI use, while maintaining viral suppression. Induction of therapy 
with Pi-based HAART followed by a maintenance by dual-NRTI therapy stud- 
ies (Trilege, ACTG 343) have been disappointing because viral suppression 
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was lost under the maintenance therapy. On the contrary, initial PI sparing reg- 
imens associating NRTIs and NNRTI or switching from a PI regimen to a sim- 
pler therapy (3 NRTIs or 2 NRTIs and 1 NNRTI) after reaching viral suppres- 
sion are good alternatives that will be discussed in the NNRTI section. 

PI tolerance profile has also been improved thanks to ritonavir boosting, 
which allows a decrease of the number of daily pills. In addition new mole- 
cules have recently been developed such as atazanavir, a once-daily PI with a 
promising tolerance and toxicity profile inducing less metabolic disturbances 
[38]. 



Dual and boosted protease inhibitors therapy 

The inhibition of the cytochrome p450 isoenzyme 3A4 by ritonavir allows 
lowering of doses and a decrease in dosing frequency of other Pis. This has led 
to improved adherence and therefore to increased antiretroviral efficacy. The 
ritonavir association encloses two different concepts. Ritonavir can be used at 
the 400 mg bid dose acting as the second PI in a dual PI therapy and can at the 
same time be used as a boost allowing a lowering of the other PI dose and 
intake frequency. Ritonavir 100 mg bid low dose only plays the role of a boost- 
er to simplify and improve other PI pharmacodynamic profiles. These low 
ritonavir doses are better tolerated in terms of gastrointestinal toxicity. The 
first PI combination to be clinically evaluated was ritonavir-saquinavir [39]. 
When saquinavir alone provided a weak viral response (-1 log 10 copies/mL at 
week 4), its association with ritonavir 400 mg bid has been able to provide bet- 
ter saquinavir plasma concentrations with sustained viral response. 

The changes in pharmacokinetic profile may also increase the toxicity as is 
the case with indinavir/ritonavir 800/100 mg bid, which induces a higher rate 
of nephrolithiasis because of a higher plasma indinavir peak [40]. 
Combinations of indinavir/ritonavir 600/100 or 400/100 mg bid are now under 
evaluation. 

Pis such as indinavir, amprenavir, and saquinavir or recently lopinavir (a 
fixed dose of ritonavir 33 mg plus lopinavir 133 mg) are currently given 
together with ritonavir. 



Non-nucleoside reverse transcriptase inhibitors 

The non-nucleoside reverse transcriptase inhibitors (NNRTIs) are non-com- 
petitive inhibitors of the reverse transcriptase, which becomes unable to func- 
tion after the NNRTI binds to a unique site in a reversible and non-competitive 
manner. NNRTIs are only active against HIV-1 (not HIV-2) and they have a 
low resistance threshold: a single key mutation in the HIV-1 reverse transcrip- 
tase codon can induce a high level of phenotypic resistance to the entire class. 
They were discovered in the late 1980s just before the Pis, but their potential 
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efficacy was underestimated by their initial misuse in monotherapy. Indeed it 
was only in the mid-1990s that their use in combination therapy was initiated. 
A good bioavailability and a long half-life allowing a twice or once daily 
intake are good arguments for their use as part of a triple-drug therapy. In the 
INCAS trial, a randomised study comparing zidovudine plus didanosine plus 
nevirapine to two NRTI dual regimens, 50% of patients under triple therapy 
reached HIV RNA <400 copies/mL after 52 weeks versus 22% for zidovudine 
plus didanosine and 0% for zidovudine plus nevirapine [41]. 

Another open-label randomised key study compared indinavir to efavirenz 
in association with zidovudine and lamivudine in 450 naive patients. Over 48 
weeks the efavirenz arm provided a better viral response than the indinavir arm 
(70% vs 48% <400 copies/mL, p < 0.001) [42]. This could be explained by 
fewer adverse events and by an easier treatment provided by the NNRTI-based 
therapy. These results contributed to the present success of Pi-sparing regi- 
mens. Indeed such a regimen is efficient in naive patients even in case of high 
baseline VL. It allows the preservation of PI for future therapeutical options, 
while Pi-induced toxicity (insulin resistance and hyperlipemia increasing car- 
diovascular risks on the long term, body changes) can be avoided. 

Among the NNRTIs, delavirdine is no longer used because of frequent 
drug-drug interactions and a high pill burden. There is a debate about the 
respective efficacy of efavirenz and nevirapine. A recent trial (the 2 NN study) 
comparing both drugs seems to indicate that they are equivalent in terms of 
efficacy [43]. 



Switch therapy and Pi-sparing regimens 

In contrast to NRTIs or Pis, NNRTIs have not been associated with long-term 
toxicity and in particular they do not induce lipodystrophy and cause less 
metabolic disturbances which explains why they have been extensively used as 
“switch strategy”. This strategy consists in changing the class of drugs sup- 
posed to be more toxic when viral load has been suppressed for at least 6 
months with initial therapy. 

Switching from a Pi-based regimen to a NNRTI-based regimen successful- 
ly maintains undetectable viral loads, increases in CD4 cell counts, while both 
adherence and quality of life are improved. The impact on established lipody- 
strophy is so far quite disappointing as switching from a PI to a NNRTI does 
not seem to improve greatly the body changes [44-47]. From one study to 
another, there are discrepancies as far as improvement of metabolic changes 
are concerned. Lack of standardised definition of lipodystrophy or of hyper- 
lipemia evaluation and concomitant use of NRTIs (which are also implicated 
in lipodystrophy) probably explain these differences. 

Switching from a Pi-based regimen to a triple NRTIs therapy is another easy 
and convenient (two pills per day) option that was developed with Trizivir®, a 
fixed combination of zidovudine, lamivudine and abacavir, a NRTI with high- 
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er potency. This approach with a simplified regimen provides sustained viro- 
logical response when patients do not harbour archived mutations due to prior 
treatment with NRTI mono- or dual therapy [48, 49]. In a study enrolling 
patients with previous lipodystrophy, the cholesterol and triglycerids improved 
6 months after switching but lipodystrophy worsened [50]. 

When used as first line therapy, triple therapy with zidovudine plus lamivu- 
dine plus abacavir are less efficient than indinavir-based therapy in patients 
with baseline plasma VL higher than 100,000 copies/mL [51]. For most physi- 
cians, the present opinion is that Pi-sparing regimens preserve therapeutic 
options while inducing little or no metabolic disorders, therefore reducing the 
potential for atherogenic risk associated with PI use. However, the concept of 
mitochondriopathy and lipodystrophy associated with NRTIs has emerged 
recently, raising the need for the appraisal of new strategies such as “NRTI- 
sparing regimens” aiming to avoid these complications. 



Lipodistrophy, NRTI-sparing regimens and structured therapy 
interruption 

PI and NRTIs respectively induce through separated and specific pathways 
lipoaccumulation, hyperlipemia and insulin resistance or mitochondrial toxic- 
ity and lipodystrophy [52, 53]. In addition the association of NRTIs and Pis 
induces more lipodystrophy than Pis alone [54, 55]. The high prevalence of 
HAART mid or long term induced toxicity associated with our better under- 
standing of HIV physiopathology have led to a change in the recommendations 
for initiating HIV therapy from “hit hard and early” to “wait and see”, depend- 
ing on the CD4 level and VL thresholds in order to prevent unnecessary patient 
exposure to potentially toxic drugs [56, 57]. 

In this setting during the late 1990s, a new strategy called “structured treat- 
ment interruption” or STI was developed. In addition to the goal of reducing 
exposure to drugs, it was postulated that STI might stimulate the patient’s spe- 
cific immunity against HIV and induce specific helper and cytotoxic respons- 
es that could control viral replication without antiviral therapy on a long-term 
basis. So far preliminary encouraging trials on STI in chronically infected 
patients included only a few patients [58-59]. A larger trial showed that only 
a minority of patients did not need to restart therapy (18% at week 52 and 11% 
at week 96 had plasma VL <5,000 copies/mL without therapy) suggesting that 
the impact on specific immunity against HIV is disappointing and do not 
favour the auto-vaccination hypothesis [60]. 



Pharmacological progress, new compounds and once daily therapy 

During recent years, most progress in HIV therapy has been related to phar- 
macological development of more convenient drugs with lower pill burden, 
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once or twice daily schedules and a more favourable tolerance profile. 
Zidovudine plus lamivudine and zidovudine plus lamivudine plus abacavir 
combined in a fixed tablet twice daily have been available for several years. 
More recently didanosine pills have been enteric coated so that the buffer 
responsible for gastrointestinal intolerance is not required and instead of four 
chewable tablets, only one pill is needed once daily. Nevirapine studies have 
shown that it can be taken at 400 mg or two pills once daily. A single tablet of 
lamivudine 300 mg is now available and can also be taken once daily. 
Stavudine extended release 100 mg in one pill qd has reached final phases of 
development. Nelfinavir pills have been covered with a new layer to allow eas- 
ier swallowing. Fosamprenavir, the amprenavir pro-drug is currently being 
developed with the same efficacy using only two pills bid instead of six bid 
with amprenavir. Atazanavir, a two-tablet once-daily PI, inducing very few 
lipid disturbances, has reached phase IV development. Recently tenofovir 
(300 mg or one pill qd), a nucleotide analogue, has become available. 

The access to eight drugs that can be taken once daily (efavirenz, nevirap- 
ine, lamivudine, stavudine, didanosine, tenofovir, atazanavir, saquinavir/riton- 
avir 1600/100) has opened the clinical field of once-daily regimens. These reg- 
imens have similar efficacy compared to bid therapy, while patients’ compli- 
ance and quality of life can be improved, making chronic therapy easier and 
more achievable in the longer term [61]. 



Resistance testing, salvage therapy and new drugs 

Since the very early development of HIV therapy, concerns have been raised 
with regard to viral resistance to treatment. Indeed a significant proportion of 
patients (between 20 and 40%) are failing their current therapy [36] and the 
numbers of naive patients infected with resistant virus are increasing [62]. 
Failure of therapy may be due to poor patient compliance, pharmacological 
problems (drug interaction, poor absorption, etc...) or extensive antiretroviral 
experience. In this setting resistance testing with genotypic assay has consti- 
tuted great progress in the clinical evaluation of the failing patient. Recently, 
the Havana study has shown that genotype testing in addition to expert advice 
is more efficient in predicting which medications are likely to fail than stan- 
dard of care or genotype testing or expert advice alone [63]. Genotype resist- 
ance testing is therefore recommended before changing treatment in chroni- 
cally infected patients with viral failure [56]. 

Salvage strategy for failing patients includes “mega-” or “giga-HAART” 
therapy with more than six drugs including NRTIs, NNRTIs and Pis and com- 
bining the most potent drugs such as abacavir, efavirenz or amprenavir. These 
heavy regimens have sometimes been initiated after drug holidays aiming to 
release the selection pressure induced by HAART letting the wild-type HIV 
replace the mutant strains. Favourable effects have been suggested in a 52 
weeks trial including patients with very low CD4 cells levels (27/pL) [64]. 
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Unfortunately this was not confirmed in less advanced patients probably 
because drug holidays induce severe immune loss that are more harmful in less 
immunosuppressed patients. 

Today multiresistant patients can benefit from new drugs in existing or new 
antiretroviral classes. Among the existing classes new and more potent Pis 
such as lopinavir are currently available; TMC-114 and tipranavir are still in 
development. Tenofovir is a nucleotide analogue that has recently become 
available. TMC-125, a NNRTI active against HIV strains that are highly resist- 
ant to other NNRTIs is still under evaluation. 

As a new promising class of drugs, the fusion inhibitors inhibit the entry of 
the virus in any cell harbouring the CD4+ receptor by binding to the viral gp41 
thus preventing the virus and cell membranes from fusing. Fuzeon (enfuvir- 
tide, T-20) a twice daily subcutaneously injected fusion inhibitor in association 
with optimised background therapy based on genotype and phenotype testing 
has given promising results after 24 weeks in two phase III pivotal studies 
(Toro I and II) including 995 highly experienced patients (-1.43 to -1.70 log 10 
copies/mL in T-20 arm versus -0.65 to -0.76 in optimised background alone) 
[65]. Fuzeon is not active against HIV-2 and resistant strains have already been 
described, but T-1249, another fusion inhibitor, active against HIV 1 and 2, 
more potent in vitro and less prone to induce viral resistance is currently under 
phase I-II development. 

HIV-1 integrase inhibitors prevent the integration of HIV proviral DNA into 
the host genome and are currently in phase I-II development. Several agents 
inhibiting virus fusion or entry in the CD4+ cells and interacting at the level of 
the CD4+ chemokine co-receptors (CCR5 and CXCR4) are also now being 
studied in phases I and II. 



Evolution of understanding HIV physiopathology and treatment 
strategies 

After the revolution induced by the introduction of HAART, estimations of the 
HIV turnover kinetics led to the consideration that eradication of HIV could be 
possible leading to recommendation of HAART very early in the infection 
course. However later studies demonstrated that resting memory CD4 lym- 
phocytes had integrated the virus forming a latent persistent reservoir that 
would need at least 60 years to eradicate with HAART and that the human 
body harboured sanctuaries such as the brain where drug penetration could be 
more problematic [66]. Further immunological works demonstrated that 
HAART induces sustained immune recovery even in severely immunosup- 
pressed patients and that this recovery is depending on the amplitude and dura- 
tion of the viral load suppression [67]. This progress in the understanding of 
the HIV physiopathology and the perspective of HIV infection as a chronic 
infection that should be controlled lifelong contributed to change from the “hit 
hard and early” strategy to a more conservative approach of initiation of ther- 
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apy together with the consideration of alternative and complementary strate- 
gies such as immune-based therapy. 



Immune-based therapy 

Administration of interleukin-2, a pro-inflammatory cytokine that activates 
T-cells and the latently infected resting lymphocytes is one of the most studied 
approaches aiming to decrease or ultimately eliminate the reservoir of HIV- 
infected T-cells [68]. Since 1995, numerous trials have shown in both naive or 
antiretroviral experienced patients receiving HAART plus interleukin-2 a sub- 
stantial qualitative and quantitative increase in CD4 T-cells to levels signifi- 
cantly higher than those achieved with HAART alone [69-73]. In these trials 
tolerance was acceptable and patients had baseline CD4 cell counts above 
200/pL. In the Ilstim study including patients with CD4 cell counts between 25 
and 100/pL, the effect of interleukin-2 was also dramatic resulting in 81% of 
patients achieving more than 200 CD4 cells/pL after 80 weeks of interleukin-2 
versus 33% with HAART alone (p < 0.0001) [74]. In order to evaluate the clin- 
ical benefit (progression to AIDS or death) of interleukin-2, two major multi- 
national randomised trials enrolling a very large population of chronically 
infected patients are ongoing: the ESPRIT trial for patients with more than 300 
cells/pL and the SILCAAT study for subjects with 50 to 300 cells/pL. Another 
strategy which is presently evaluated is to use intermittent interleukin-2 as a 
boost for immunity, maintaining CD4 levels above a certain threshold and thus 
allowing the postponement of the indication for continuous HAART. 

Other immune- stimulating or -suppressive agents include granulocyte- 
colony stimulating factor or G-CSF, hydroxyurea, cyclosporine or mycophe- 
nolate. Hydroxyurea decreases intracellular deoxynucleoside triphosphates 
that are required for DNA synthesis, resulting in a synergistic activity with 
didanosine in vitro, but because of its toxic profile (CD4 response blunting, 
neuropathy, severe pancreatitis and mitochondrial toxicity) it is not used any- 
more. G-CSF may lead to an increase in CD4 T-cell counts as well as a 
decrease in viral load when added to HAART [75]. Mycophenolate mofetil 
selectively inhibits lymphocyte division and proliferation. It reduces the pool 
of activated CD4 T-lymphocytes that support productive HIV infection but it 
also inhibits viral replication by depleting dGTP, an important substrate for the 
reverse transcriptase. A randomised trial (MOCHA) comparing HAART alone 
or HAART with mycophenolate is underway. 



Vaccination 



Therapeutic vaccines have been under investigation for several years. They 
include DNA vaccines (using various vectors of delivery systems such as 
canarypox virus, ALVAC) which encode various HIV immunogenic peptides 
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such as gpl20, whole killed virus preparation (Remune), HIV core antigens 
(p24VLP), recombinant HIV envelop proteins (VaxSyn), DNA plasmids or 
anti-TAT vaccination associated with different adjuvants. 

Several studies have shown the appearance of specific cytotoxic or antibody 
responses after using certain types of vaccination, but this has not been so far 
associated with a clinical benefit in terms of clinical progression, significant 
viral load control or ability to stop antiretroviral therapy [76]. Moreover, a 
recent report of a subject super-infected with a second closely related HIV 
strain despite persistent recognition of multiple CD8 epitopes has blunted the 
enthusiasm for a potential therapeutic vaccine [77]. 



Conclusion 

Since the arrival of the first efficient therapy in developed countries, major 
progress has been accomplished in the fields of virology, pharmacology, 
immunology, physiopathology and resistance understanding leading to the 
expansion of new therapy strategies, immune-based therapy and vaccination 
research. The deadly HIV infection has turned into a chronic disease which 
allows a professional and family life but imposes the burden of a treatment that 
can be toxic in the long term. Still numerous questions such as drug-drug inter- 
actions, toxicity management, long-term adherence, efficacy, and treatment 
costs need to be answered. But most of all, access to therapy which is current- 
ly not available for 90% of the HIV-infected population in the world remains 
our main challenge today. 
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Introduction 

The use of antiretroviral combinations in HIV-1 infection has led to a dra- 
matic improvement in the morbidity and mortality associated with HIV/AIDS 
[1]. The concept of combining therapeutic agents is not unique to HIV infec- 
tion and has proven successful in a variety of medical areas, most notably 
cancer. For example, the most significant successes in the fight against child- 
hood leukemias were seen when anticancer drugs were used in combination. 
The use of combination therapies has also proven instrumental in advances 
made against infectious diseases such as tuberculosis and bacterial endo- 
carditis. 

The goals of combining therapeutic agents in HIV infection may be sever- 
al: 1. To achieve greater efficacy secondary to additive or synergistic interac- 
tions among components of the combination. 2. To prevent or reduce the emer- 
gence of drug resistance. 3. To reduce individual drug toxicity by reducing 
doses of drugs that show synergistic antiviral effects. 4. To increase penetra- 
tion in difficult to reach cell types or tissues. To achieve these goals, one may 
want to simultaneously target the same or different steps in the virus replica- 
tion cycle, different cell activation states, different tissues or different cell 
reservoirs, or take advantage of varied pharmacokinetics among individual 
drugs and drug combinations. 



Taking advantage of additive or synergistic drug interactions 

By increasing the number of drugs in a combination, one would expect to 
increase the amount of viral suppression achieved, assuming favorable inter- 
actions among the individual drugs combined. This has been shown to be true 
both in vitro and in vivo comparing regimens containing 4, 3, 2 drugs and 
monotherapy [2-8]. However understanding potential interactions between 
individual drugs is crucial when choosing which combinations to study in 
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patients. Not all combinations of antiretrovirals result in synergistic interac- 
tions against HIV-1. Drugs may compete with each other for binding sites, for 
intracellular enzymes, and for substrate availability. Antagonistic interactions 
may result from such competition. A good example is the antagonism seen in 
vitro and in vivo between zidovudine and stavudine [7, 9-11]. Zidovudine 
inhibits phosphorylation of stavudine because both nucleoside analogs com- 
pete for the same cellular thymidine kinase and zidovudine is preferentially 
phorphorylated [10, 11, 11a]. Clinical trials of this combination have also 
demonstrated apparent antagonism [9]. In contrast, many other agents, e.g., 
zidovudine and lamivudine, show strong synergy in vitro [7, 12-14], as well 
as in clinical trials [15-17]. Given synergistic interactions among individual 
drugs in multi-drug combinations, the more drugs in a combination, the greater 
the antiviral effect [6]. 



Preventing emergence of drug resistance 

Genetic variants of HIV-1 conferring resistance to individual drugs can be 
selected by exposure to a particular drug. This may occur rapidly when drugs 
are used that have low genetic barriers to resistance, such as lamivudine or 
nevirapine [18-20]. Mutations will continue to accumulate in the viral 
genome unless the virus replication rate can be reduced below the level of 
detection. Antiretroviral combinations that prevent virus replication will 
decrease the selection pressure for the emergence of resistant HIV-1 variants 
[21, 22]. Furthermore, some mutations that confer resistance to one drug may 
increase the sensitivity of the virus to other drugs. For example, the Ml 84V 
mutation that confers resistance to lamivudine, restores sensitivity to zidovu- 
dine-resistant virus that possess the M41L or 215Y mutations [12]. M184V 
may also increase susceptibility to the nucleotide analogs adefovir and teno- 
fovir [23, 24]. The L74V mutation which confers reduced sensitivity to 
didanosine restores susceptibility to zidovudine of viruses with the zidovu- 
dine-induced T215Y mutation [25]. Enhanced susceptibility or “hypersuscep- 
tibility” to non-nucleoside reverse transcriptase inhibitors (NNRTIs) has been 
associated with multiple mutations conferring broad crossresistance to nucle- 
oside reverse transcriptase inhibitors (NRTIs), and this phenomenon may 
result in an enhanced clinical response to NNRTIs [26]. Hypersusceptibility 
may also occur with protease inhibitors (Pis) where the D30N and N88S 
mutations induced by nelfinavir or indinavir confer increased sensitivity to 
amprenavir [27]. 



Reducing toxicity 

All currently available antiretroviral drugs have toxicides that may affect qual- 
ity of life and compromise adherence to therapy. By combining agents with 
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favorable pharmacokinetic (PK) or synergistic antiviral properties, it may be 
possible to decrease the dose or dosing frequency of a drug and still achieve 
blood concentrations of the combination sufficient to achieve viral suppres- 
sion. This approach is now widely utilized with ritonavir-boosted protease 
inhibitor (PI) regimens where ritonavir can be used at lower concentrations, 
thereby reducing its unpleasant gastrointestinal side-effects [28-31]. Ritonavir 
is a potent inhibitor of P450CYP3A4, thereby inhibiting the metabolism of 
other Pis (or the active metabolite, M8, in the case of nelfinavir). For this rea- 
son, ritonavir has been the drug of choice for PK enhancement of other Pis. 
Ritonavir increases the trough drug concentration (Cmin) and the area under 
the curve (AUC). It has a variable impact on the maximum drug concentration 
(Cmax) of the co-administered PI. In most cases Cmax is decreased or 
unchanged with the exception of indinavir where Cmax is increased [32]. 
Ritonavir also inhibits the P-glycoprotein (P-gp) system which serves as a cel- 
lular efflux pump responsible for removal of drug from the intracellular com- 
partment [33]. Certain Pis such as amprenavir, lopinavir, ritonavir and nelfi- 
navir also have CYP3A4 induction capabilities. Although these effects have 
been less studied, they can account for the reduced PI levels observed when 
combinations of some PI combinations are used [33a]. As we learn more about 
the pharmacokinetic interactions between different drugs, their use will 
become more rational. The use of therapeutic drug monitoring may aid sub- 
stantially in this process. 

Targeting the same or various steps of HIV replication cycle 

One strategy to increase synergy between drugs is to target different steps of 
the HIV-1 replication cycle. The first class of inhibitors to be developed tar- 
geted the enzyme reverse transcriptase, preventing the conversion of HIV-1 
genomic RNA into DNA, thereby decreasing the possibility of integrating viral 
DNA into host cell DNA. When the protease inhibitors were introduced, they 
offered the possibility of attacking the virus at another site, by reducing the 
production of infectious particles expressed from integrated viral genomes. 
The attachment/entry inhibitors have recently provided a new target for a pos- 
sible multi-front attack. Many HIV attachment/entry inhibitors are synergistic 
when used with each other and with drugs from other classes [34, 35]. As more 
classes of inhibitors enter the clinic, such as integrase inhibitors or Tat 
inhibitors, we would expect to increase the possibilities of synergistic interac- 
tions among subsequent drug regimens. 

It still remains an open question, however, whether it is better to attack the 
same enzyme, e.g., reverse transcriptase, simultaneously with multiple drugs, 
or to attack multiple targets. Three reverse transcriptase inhibitors (e.g., 
zidovudine, lamivudine, and efavirenz) in combination appear at least as good 
or better than other regimens that attack both reverse transcriptase and protease 
(ACTG 384, Dupont 006) [36, 36a]. 
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Targeting various tissue or cellular reservoirs 

The penetration of different drugs into various tissue or cellular reservoirs 
should also help guide the rational design of effective combination regimens. 
Antiretroviral agents penetrate different body compartments to varying 
degrees. The viral dynamics observed in semen [37-40], and cerebrospinal 
fluid (CSF) [41, 42] often differ with what is observed in plasma during treat- 
ment with potent antiretroviral regimens. The levels of protein binding and 
hydrophobicity are factors known to affect drug penetration into tissues. In the 
case of HIV-1 infection, the degree of cell activation may also be important in 
determining the activity of a drug [43, 44]. Resting memory CD4 lymphocytes 
have been found to harbor replication-competent viruses even when viral load 
is undetectable by measurement of plasma HIV-1 RNA [45-48]. Many cur- 
rently available antiretroviral drugs are not active in resting cells that do not 
express markers indicative of HIV-1 infection. Therefore, development of new 
drugs or new strategies to target these sanctuaries is an important area for 
research into the improvement of combination therapy. 



How to evaluate in vitro drug interactions 

Several in vitro systems have been used to measure drug-drug interactions. In 
these assays, HIV-infected cells are cultured in the presence of various con- 
centrations of drugs, alone and in combination, to generate dose-response 
curves. The interrelations between these curves are then analyzed. More than 
20 different analytical methods have been developed to characterize such inter- 
actions [49]. Mathematical models integrate the dose-response curves of indi- 
vidual drugs into two- or three-dimensional graphs reflecting the dose- 
response surface of the combination studied. The results are then compared 
with the expected effects to determine whether synergistic, antagonistic or 
additive interactions occur. There is great variability in the systems used in 
terms of the analytical method (fractional product, multiple dose-response 
curves, isobologram, combination index, differential surface analysis, para- 
metric surface fitting), the calculation of expected effects (interdependence or 
additivity), and the interpretation of results (qualitative, quantitative). The 
most widely used method for analysis is the median-effect principle developed 
by Chou and Talalay [50, 51]. This method is based on the Loewe additivity 
principle and defines synergy as the activity of the drugs in combination being 
greater than the sum of independent activities of individual drugs, and antago- 
nism as the activity of the drugs in combination being smaller than the sum of 
independent activities. A combination index is derived that takes into account 
not only the potency of the drugs but also the shapes of the dose-effect curves. 
Other methods such as the independent effect method developed by Prichard 
and Shipman use Bliss independence as the null reference [52]. All the data 
points generated from a checkerboard assay are used to allow a three-dimen- 
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sional analysis of drug interactions. Confidence bounds are determined from 
replicate data. If the 95% confidence intervals do not overlap the theoretic 
additive surface, then the interaction between drugs differs significantly from 
additive. Most drug combinations analyzed by both methods have shown sim- 
ilar results. 



Can we extrapolate these results to in vivo settings? 

The assays used to evaluate in vitro drug interactions have several limitations. 
They cannot reproduce the complex pharmacokinetics occurring in the human 
body, particularly the absorption, protein binding, different degrees of tissue 
localization or intracellular penetration, or the rate of drug elimination. 
However, in vitro analyses can help predict which drug interactions will occur 
at the therapeutic doses and help identify drug combinations with favourable 
profiles worthy of evaluation in clinical trials. If drug interactions are not 
favorable (i.e., are antagonistic), the benefit of combining drugs might be lost 
and one might be left with the antiviral effects of one drug and the toxicity of 
two. For example, as previously mentioned, zidovudine and stavudine are 
antagonistic against several HIV-1 isolates when combined in vitro [7, 10, 11]. 
When studied in two clinical trials, these in vitro results were validated in vivo. 
In ACTG 290, four antiretroviral regimens, zidovudine-stavudine, stavudine 
alone, zidovudine-didanosine and didanosine alone were compared in 144 
zidovudine-experienced subjects. After 48 weeks of treatment, the proportion 
of subjects achieving plasma HIV-1 RNA levels below 500 copies/ml was 0% 
in the zidovudine-stavudine group versus 6% in the stavudine monotherapy 
group [9]. Similar results were observed in ACTG 298 which compared stavu- 
dine alone versus stavudine-zidovudine versus lamivudine-zidovudine in 128 
treatment-naive patients. In this population, the proportion of subjects with 
undetectable plasma HIV-1 RNA levels was only 8% in the zidovudine-stavu- 
dine group versus 31% in the stavudine monotherapy group [52a]. In both pop- 
ulations (drug experienced or naive), the combination of zidovudine and stavu- 
dine was no more effective than stavudine alone. 

In contrast, in vitro studies showing in vitro synergistic effects of zidovu- 
dine combined with agents such as alpha-interferon [53, 54], didanosine [55], 
lamivudine [7], zalcitabine [7] and abacavir [56], have led to pivotal clinical 
trials demonstrating the superiority of combination therapy over monotherapy 
in HIV-1 infection. Among those trials, ACTG 175 showed a 36% reduction in 
risk of disease progression or death for the zidovudine-didanosine arm com- 
pared to the zidovudine monotherapy arm [3]. In the Delta trial, in treatment- 
naive individuals, there was a relative reduction in mortality of >42% for the 
zidovudine-didanosine arm and 32% for the zidovudine-zalcitabine arm, as 
compared to zidovudine-monotherapy [57]. 

Other combination regimens showing favourable in vitro drug interactions 
have proven to be extremely useful clinically. For example, the three-drug 
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combination of indinavir, zidovudine, and lamivudine has synergistic interac- 
tions in vitro [14]. The clinical efficacy of this regimen has been amply vali- 
dated in trials evaluating indinavir monotherapy and dual therapy with zidovu- 
dine and lamivudine compared to a combination of zidovudine, lamivudine 
and indinavir [14, 15, 17]. Clinical validation of in vitro results has also been 
demonstrated when nucleoside analogs are combined with non-nucleoside 
reverse transcriptase inhibitors. Zidovudine, lamivudine and efavirenz, as well 
as zidovudine, lamivudine and nevirapine [7], have synergistic drug interac- 
tions in vitro. These regimens have proven highly effective in vivo in a number 
of trial including DMP 266-005 006, the INCAS study, and ACTG 384 [2, 36, 
36a, 58]. 



Composition of combination regimens 

When designing an antiretroviral combination regimen, several questions 
need to be addressed: the number of drugs to employ, which classes of anti- 
retroviral to use, which drugs within a class to use, and the dosing regimen 
(once daily, twice daily). It is not clear what is the optimal number of drugs 
for maximal suppression of HIV-1 replication, and this will likely depend on 
the potency of the individual drugs and their interactions with one another. In 
vitro studies have shown that when drug interactions are favorable, more drugs 
provide greater suppression than fewer [6, 7]. Preliminary clinical trials study- 
ing four- or five-drug regimens have shown a significant decrease in the first 
phase of decay of the viral load when compared with regimens employing 
fewer drugs. Whether the advantage is sustained over a long period of time 
and whether these regimens can be tolerated for long periods remain to be 
determined [5, 8]. Moreover, certain trials, e.g., ACTG 384, have shown that 
whereas certain four-drug regimens may be better than three-drug regimens, 
other three-drug regimens perform as well as those employing four drugs 
[58a]. 

As more drug resistant HIV-1 isolates emerge, new classes of potent anti- 
retrovirals targeting different steps of the HIV replicative cycle are a welcome 
addition to the HIV arsenal. As these new drugs are being developed, in vitro 
drug interaction studies will be useful to determine how best to combine them 
with existing drugs against resistant viruses. An informative example are the 
interactions among HIV-1 attachment/entry inhibitors. Agents have been 
developed which target each step in the attachment/entry process including 
attachment to the CD4 receptor, binding to the co-receptor CCR5 or CXCR4 
and fusion. Several of these agents have entered clinical trials, and one, T-20 
or enfuvirtide, has shown considerable activity in individuals who have failed 
other regimens [59-62]. There have been concerns that the use of a CCR5 
inhibitor could induce the virus to switch its co-receptor usage to the alternate 
co-receptor CXCR4 and might hasten disease progression [63]. Even if this is 
only a theoretical concern for the moment, it supports the notion of using these 
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CCR5 inhibitors in regimens containing drugs active against both R5 and X4 
viruses. In this context, CCR5 inhibitor interactions have been evaluated with 
agents of the same class as well as reverse transcriptase and protease 
inhibitors. One such agent, SCH-C, showed highly synergistic interactions 
with T-20 which is active against both X4 and R5 viruses, as well as with other 
antiretrovirals from different classes [34]. High levels of synergy have also 
been observed when combining T-20 with the CXCR4 inhibitor AMD3100 
[35]. 



Conclusions 

It has proven difficult to accurately quantify drug interactions in an in vivo set- 
ting. This would require the use of several doses of various drugs, large sam- 
ple sizes to allow statistical analysis and the occasional use of sub-optimal reg- 
imens that could lead to emergence of drug-virus resistance. Thus, in vitro 
drug combination studies will continue to serve as valuable surrogates to 
screen for unfavourable drug interactions and to help predict in vivo respons- 
es. There are other factors that will affect a drug combination’s efficacy in a 
clinical setting, including the patient’s adherence to the regimen, intercurrent 
illnesses that may affect viral replication, drug intolerance or toxicity, and drug 
pharmacokinetics. All these parameters have to be considered when designing 
combination regimens, in order to optimise efficacy and minimise toxicity. 
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Introduction 

Current antiretroviral therapy guidelines [1] recommend the combination of at 
least two nucleoside retrotranscriptase inhibitors (NRTI) plus at least one pro- 
tease inhibitor (PI) and/or at least one nonnucleoside retrotranscriptase 
inhibitor (NNRTI) for the treatment of HIV infection. Different specific drugs 
are chosen to comply with this general scheme considering the stage of the dis- 
ease, the occurrence of AIDS-defining events, plasma viral load and patient’s 
immune status, prior pharmacologic history, likeliness to adhere to treatment, 
as well as drug interactions, adverse events and comorbidity. 

One of the basic principles of modem antiretroviral therapy is to inhibit 
HIV’s life cycle in different stages. This principle derives from the possibility 
to block retrotranscription and protease-mediated protein splicing at once by 
combining NRTIs (or NNRTIs) and Pis. To date, this strategy is believed to be 
the most effective to control viral replication and to limit the viral escape 
through the development and evolution of drug resistance mutations. Hence, 
several dmgs are under development to block other stages of HIV replicative 
life cycle such as: entry inhibitors (T-20, T-1249, D-peptides, etc), uncoating 
inhibitors, assembly inhibitors, zinc finger (DNA complex) inhibitors, capsid 
protein inhibitors, etc. 

However, although initial responses to currently available therapy are 
favourable, treatment failure is expected for the majority of patients in light of 
the clinical results. Even worse, every treatment failure decreases the likeliness 
to respond to ensuing salvage strategies and substantially restricts the thera- 
peutic arsenal. There are only two ways to overcome this situation: a) to devel- 
op new dmgs with complementary resistance patterns and/or sites of action, 
and b) to implement the use of currently available drugs at its maximum. One 
way to perform this goal is to maximize the number of combinations of anti- 
retroviral dmgs. 

Following this aim, several studies - many of them still ongoing - have 
investigated the following questions: 
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1. Do combinations of three NRTIs versus two NRTIs + one PI and versus two 
NRTIs + one NNRTI, have a similar antiviral efficacy? If yes, Is this effica- 
cy equally durable in time? 

2. Do they achieve equal immunological benefits? 

3. Does any of them confer a benefit regarding future salvage regimens? 

4. Is there a differential improvement in quality of life, adverse events and in 
adherence issues for any of these combinations? 

5. Is there a specific combination that is more suitable for starting therapy? 

This chapter will review the results of the most relevant studies with the aim to 
compare the efficacy of different drug family combinations constituting HAART. 



Initial antiviral efficacy 

Single class HAART 

Although several theoretical combinations may be possible, the concept of 
“single class HAART” is currently restricted to triple drug combinations 
exclusively including NRTIs (ddI/d4T/hydroxyurea, ddI/d4T/3TC or ABC/ 
ZDV/3TC). The idea of combining three NRTIs as a unique antiretroviral strat- 
egy certainly seems odd for the majority of NRTIs, and it is dubious whether 
such combinations may be strictly considered as “highly active ” In practice, 
the only combinations of three NRTIs suitable to that concept are those includ- 
ing abacavir (ABC). This NRTI has been recently commercialised and, due to 
its unique properties, is currently considered to be similar to a PI in terms of 
antiviral potency. 

The only prospective available data about single class HAART combinations 
not including ABC comes from the Atlantic Study [2] that compares three arms 
including d4T/ddI plus either IDV, NVP, or 3TC. Definitive results of this study 
have not been published yet. However, although 6- and 12-month data showed 
virological equipotency of the three arms, 48-week data demonstrated a clear 
tendency (although not significant) of the arm including d4T/ddI/3TC to 
achieve the worst virological outcome. Definitive results will clarify this issue, 
although there is not much confidence in this combination. 

Conversely, three-NRTI regimens including ABC have achieved quite better 
results in prospective comparative studies. The CNAAB3005 International 
Study Team [3] recently demonstrated that in antiretroviral-naive HIV-infected 
adults, the triple nucleoside regimen composed of ABC/3TC/ZDV was equiva- 
lent to the regimen composed of IDV/3TC/ZDV in achieving a plasma HIV 
RNA level <400 copies/mL at 48 weeks. This was a placebo-controlled, dou- 
ble-blind, double-dummy study. The proportion of patients who met the end 
point of having an HIV RNA level of 400 copies/mL or less at week 48 was 
equivalent between the ABC group (51% [133/262]) and the IDV group (51% 
[136/265]), with a treatment difference of -0.6% (95% confidence interval [Cl], 
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-9% to 8%). However, in patients with baseline HIV RNA levels greater than 
100,000 copies/mL, the proportion of patients achieving <50 copies/mL was 
greater in the IDV group than in the abacavir group with 45% (45/100) versus 
31% (30/96) and a treatment difference of -14% (95% Cl, -27% to 0%) was 
observed. The two treatments were comparable with respect to their effects on 
CD4 cell counts. There was no difference between the groups in the frequency 
of treatment-limiting adverse events or laboratory abnormalities. 

A second study comparing ABC versus IDV (CNA3014) [4] was presented 
at the 1st IAS Conference in Buenos Aires. This was an open-label study in 
which the lack of placebos allowed a much-reduced pill burden. CNA3014 also 
compared the efficacy and tolerability of ABC (300 mg twice daily, n = 169) vs 
IDV (800 mg three times daily, n = 173), each with Combivir. Results present- 
ed were similar to CNAAB3005 Study. Briefly, at week 48, 59% of the 164 
patients receiving ABC achieved a pVL <50 copies/mL, compared with 48% of 
the 165 patients receiving IDV ( P = NS). Of note, no differences were observed 
in the stratum of patients with high baseline viral load, although abacavir was 
superior to IDV in the low viral load stratum. Both treatment regimens were 
generally well tolerated. As well, although adherence was higher for the 
ABC/Combivir regimen this combination was only equally effective as 
IDV /Combivir at suppressing viral load to <50 copies/mL. 

In conclusion, single class regimens including ABC have demonstrated a 
comparable efficacy to Pi-containing regimens at least during the first 2 years of 
follow-up in antiretroviral naive HIV-1 infected patients. Other 3-NRTI regimens 
sparing ABC have not demonstrated such equipotency. Conversely, comparative 
studies available to date show a tendency towards worst virological results of 
ABC-sparing 3-NRTI regimens in comparison with dual-class regimens. Triple 
NRTI regimens are not routinely recommended. However, they may be consid- 
ered as starting regimens for patients with low viral loads who are reductant or 
unable to commit taking more complex HAART regimens, or in whom virolog- 
ic failure seems inevitable and long-term options need to be preserved. 



Dual class HAART 

We consider dual class HAART those combinations including at least two 
NRTIs plus either a NNRTI or a PI. Recent important studies have demon- 
strated that certain NNRTI-based triple-drug combinations achieve an equal or 
even higher virological suppression than certain Pi-based HAART regimens, 
at least in the short-term. 



Efavirenz (EFV) 

Staszewski et al. [2] recently demonstrated that the combination of EFV, ZDV 
and 3TC had greater antiviral activity and was better tolerated than the combi- 
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nation of IDV, ZDV, and 3TC. In an open-label, three-arm randomised study 
(DuPont 006 Trial) recently published, 450 patients who had not previously 
been treated with 3TC or any NNRTI or PI were recruited. At baseline, all 
patients had a CD4 cell count of more than 50 cells per cubic millimeter and a 
plasma HIV- 1 RNA level of more than 10,000 copies per milliliter. Patients 
were randomly assigned to one of three regimens: EFV (600 mg daily) plus 
ZDV (300 mg twice daily) and 3TC (150 mg twice daily); the protease 
inhibitor IDV (800 mg every 8 h) plus ZDV and 3TC; or EFV plus IDV 
(1000 mg every 8 h). They found that suppression of plasma HIV-1 RNA to 
undetectable levels at week 48 of follow-up was achieved in more patients in 
the group given EFV plus NRTIs than in the group given IDV plus NRTIs (70 
percent vs 48 percent, p < 0.001). The efficacy of the regimen composed by 
EFV plus IDV was similar (53 percent) to that of the regimen of 
IDV/ZDV/3TC. Of note, response rates in the subgroup of patients with HIV- 1 
RNA levels of at least 100,000 copies per milliliter at base line were the same 
as or greater than those in the subgroup of patients with base-line HIV-1 RNA 
levels of less than 100,000 copies per milliliter for the group given EFV plus 
NRTIs. Indeed, more patients discontinued treatment because of adverse 
events in the group given IDV and 2 NRTIs than in the group given EFV and 
two NRTIs (43 percent versus 27 percent, p = 0.005). Nevertheless, CD4 cell 
counts increased significantly with all combinations (range of increases, 180 to 
201 cells per cubic millimeter). Interestingly, no significant differences were 
found regarding CD4 cell count increase between the groups. Several other 
studies have confirmed the superiority of EFV- versus IDV-based regimens [6]. 

It is unlikely that the benefit achieved by EFV-based combinations over 
those IDV-based can be generalised to their respective families. In other words, 
we cannot conclude from this data that NNRTI-based triple drug combinations 
are more potent than those including a PI. First, because there seem to exist 
significant differences in terms of antiviral potency within the different 
NNRTIs and, second, because studies comparing NNRTIs other than EFV 
with Pis have not demonstrated such superiority. 

For instance, recent data [6] from the EuroSIDA cohort observational data- 
base including more than 2000 HIV-1 patients starting NNRTI showed that 
EFV-based regimens achieved a more prolonged long-term suppression of 
plasma HIV-1 RNA than NVP given under similar circumstances. Differences 
between both regimens were clearly significant, even when both were used as 
an initial HAART regimen. 



Nevirapine (NVP) 

Although there is consistent data arguing in favour of a higher antiviral poten- 
cy of EFV- versus Pi-containing combinations, results comparing NVP- with 
Pi-containing regimens are slightly more controversial. 
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The first data demonstrating the antiviral and immunological efficacy of 
NVP came from the INCAS study [12]. In this study, 151 treatment-naive 
patients with 200-600 CD4 cells/mm 3 were randomized to receive ZDV/ddI, 
ZDV/NVP, or ZDV/ddl/NVP The triple-therapy arm was associated with the 
highest rise in CD4+ cell counts (120 cells/mm 3 ), the greatest decrease in HIV 
RNA from baseline (1.7 logs) and the greatest proportion of patients with 
undetectable virus after 52 weeks (67%). 

One of the most important clinical trials comparing the efficacy of NVP- 
containing three-drug regimens is the Atlantic Study [2]. This is an ongoing 
open-label randomised international study comparing three treatment strate- 
gies: Pi-based, NNRTI-based, and triple NRTI regimens. Patients included are 
antiretroviral treatment-naive with HIV RNA >500 copies/mL and CD4 >200 
cells/mm 3 . Subjects are randomized to receive d4T/ddI plus either IDV, NVP, 
or 3TC. Definitive results have not yet been published, but preliminary data at 
48 weeks of follow-up have been presented in international meetings. Of note, 
mean baseline viral load levels were low in all three groups. In the as-treated 
analysis, the percentage of patients with HIV RNA below 50 copies/mL in the 
IDV, NVP, and 3TC arms was 90%, 82%, and 78%, respectively at 48 weeks, 
whereas in the intent-to-treat (ITT) analysis, the percentages were 57%, 51%, 
and 49%, respectively. In conclusion, NVP- and IDV-based regimens per- 
formed similarly, at least in patients with low baseline viral load. 

Another relevant comparative study has been the COMBINE Study [8]. 
Final data were presented in the 1st International AIDS Society Conference on 
HIV Pathogenesis and Treatment. This randomized, open-label, multicenter 
trial evaluated the efficacy and safety of NFV (1250 mg twice daily) or NVP 
(200 mg twice daily) both combined with coformulated ZDV/3TC ( Combivir: 
ZDV 300 mg plus 3TC 150 mg twice daily). Up to 142 treatment-naive 
patients were included. At baseline patients had a mean CD4 cell count of 359 
cells/mm 3 (range, 10-908) and a mean viral load of 5.15 log 10 copies/mL 
(range, 3.2-6.2). No differences were demonstrated between the two regimens 
at 12 weeks of follow-up regarding virological and immunological outcome. 
This conclusion has to be highlighted because prior interim analyses of this 
study showed a higher efficacy of NVP. According to final results, then, at 12 
months (and by an ITT analysis), 60% of patients receiving NFV (CI 90 , 
49%-70%) versus 75% of those receiving NVP (CI 90 , 65%-83%) achieved a 
plasma viral load <200 copies/mL ip = .056). Regarding ultrasensitive pVL 
analysis (<20 c/mL), 50% of NFV (CI 90 , 40%-60%) versus 65.2% of NVP- 
treated patients (CI 90 , 55%-75%) achieved undetectable pVL levels 
ip = .065). In addition, no differences were found in the subset of patients with 
baseline pVL > 100,000 copies/mL. Interestingly, again no differences were 
found in terms of CD4+ increase between the groups. 
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Conclusion 

In conclusion, whereas three-drug combinations including EFV seem to 
achieve better virological results than those containing a PI for patients initi- 
ating HAART for the first time with baseline CD4 > 50 cells/mm 3 , combina- 
tions including NVP perform as good as (but no better than) Pi-containing reg- 
imens, at least during the first 1 or 2 years of treatment. However, it has to be 
highlighted that the only regimens that have demonstrated a clear antiviral effi- 
cacy for patients with advanced stages of HIV infection (CD4 < 50 cells/mm 3 ) 
are Pi-based combinations. 



Triple class HAART 

Recent studies have tested antiretroviral drug combinations including the three 
available drug families in HIV- 1 -infected patients naive for NNRTIs and/or 
Pis. These combinations have been frequently used as salvage regimens in 
antiretroviral experienced patients. In one hand, this is an attractive idea 
because it seeks the simultaneous suppression of the viral life cycle by three 
different mechanisms. Such combinations have demonstrated higher rates of 
viral suppression than standard regimens but, as well, studies presented have 
compared four-drug against three-drug regimens. 

Albrecht et al. [9] have demonstrated that in HIV-infected patients previ- 
ously treated with nucleoside analogues, treatment with nelfinavir (NFV) plus 
EFV and at least one new nucleoside analogue achieved a higher rate of viral 
suppression than did regimens with nucleoside analogues and NFV or EFV 
alone. Up to 195 patients who had been treated with NRTIs only, and had a 
plasma VL > 500 copies/ml, were randomly assigned to receive, in addition to 
2 NRTIs, NFV, EFV or NFV+EFV. At week 48, the proportion of patients with 
a pVL < 500 copies/mL were, respectively, 74%, 60% and 35% in the 
EFV+NFV, EFV and NFV groups (p = 0.001). As well, triple therapy with 
EFV conferred a higher rate of pVL suppression at 48 weeks than triple thera- 
py with NFV (p = 0.004). Quadruple therapy also achieved a higher rate of 
virologic suppression than triple therapy with EFV (p = 0.008). Once again, no 
differences were found between the groups regarding the increase in CD4 
counts. 

Although results from this study demonstrate that a regimen including 2 
NRTIs+ EFV+NFV achieves better virological outcome than standard 
three-drug regimens, it is unknown to what extent this excess of benefit is due 
to the fact of including four drugs instead of three. As is well-known, four-drug 
regimens including two Pis plus two NRTIs have also demonstrated a higher 
virological suppression than single Pi-based triple regimens [20]. Further stud- 
ies comparing both kinds of four-drug combinations (two NRTIs + one 
NNRTI + one PI versus two NRTIs + 2 Pis) are needed to clarify this issue. 
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Immunological benefits 

Despite the virological results presented before, to date, no Pi-sparing combi- 
nation has improved the immunological results previously attained with stan- 
dard two NRTI + one PI strategies. Certainly, absolute and percentual CD4 
counts are a slower marker of response than viral load reductions, and, of 
course, results regarding immune recovery are more difficult to interpret. 
However, none of the studies presented before (including CNAAB3005, 
CNA3014, DuPont 006, Atlantic, COMBINE, or the more recent by Albrecht 
et al) [2-5, 8] has demonstrated significant differences between the different 
study arms in terms of CD4 increase during their respective follow-ups. 
Furthermore, none has detailed modifications in naive versus memory sub- 
populations or in other markers of immune reconstitution between groups. 

Only recently, a substudy [9] of the Atlantic Study [2] that examined the 
effects of the three study arms (ddI/d4T plus either 3TC, NVP or IDV) on 
lymph node architecture and CD4 cell quantity in lymph nodes, reported that 
there was a trend towards fewer CD4 cells and higher levels of HIV p24 anti- 
gen in the single classs arm compared with the dual class arms. As well, the 
majority (6/10) of the single-class subjects had hyperplastic lymph nodes 
whereas most (8/11) of the subjects on PI- or NNRTI-based therapy had lym- 
phoid hypoplasia or absence of follicle formation. Such findings suggest a bet- 
ter impact of dual class regimens on lymph nodes. However, duration of ther- 
apy prior to the lymph node biopsy was substantially shorter in the single-class 
group than in the dual-class group. Hence, it remains unclear whether these 
findings reflect differences in duration of treatment, incomplete penetration of 
all anatomic compartments by the mono-class regimen, or both. 

In conclusion, presently available studies have not demonstrated a differen- 
tial impact of single versus dual or triple class regimens in the improvement of 
the immune system of patients initiating these combinations for the first time. 
Data from the AVANTI and INCAS [12] groups comparing Pi-based triple 
therapies and dual NRTI regimens, suggested that CD4 count improvement 
was not unique to HAART regimens containing Pis, but that it was related to 
the degree of viral load suppression accomplished, regardless of the modality 
of the treatment chosen. This would explain the similarity of short-term CD4 
improvements seen in comparative studies between single, dual and triple class 
regimens, as such regimens achieved a similar antiviral efficacy. Hopefully, 
further studies will analyse this matter in depth, which is of capital relevance 
for clinicians due to its important clinical prognostic implications. 



Durability of benefits 

One of the main concerns of the new Pi-sparing regimens is the durability of 
the favourable virological responses attained after their first initiation. In other 
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words, are Pi-sparing single and dual class regimens more prone to treatment 
failure than are Pi-based strategies? This concern arises from the lower genet- 
ic barrier of NNRTIs and the possible lower antiviral potency of NRTIs. 



Theoretical considerations 

Drug failure is a multifactorial phenomenon occurring due to multiple reasons 
that gather simultaneously in a single patient. Below there is a diagram that 
shows that drug failure depends on favouring factors (in the numerator) and 
limiting factors (in the denominator). Drug failure is more likely if any of the 
following factors exist: a longer time on antiretroviral therapy, a longer prior 
antiretroviral experience, a more advanced stage of HIV/AIDS disease, a high- 
er baseline pVL, a higher number or the appearance of certain specific resist- 
ance mutations before the onset of a new treatment, a higher pill burden of the 
new regimen, a higher co-morbidity and an older age at the time of initiating 
a new regimen. Conversely, factors that prevent treatment failure include: the 
higher genetic barrier of a drug or a combination of drugs, the better tolerabil- 
ity, the degree of adherence to treatment, the number of active drugs included 
in the new regimen, higher CD4 counts at baseline, patients ’s social and eco- 
nomical support and, finally, the degree of suppression of viral replication 
achieved with the new treatment combination. The likeliness of drug failure 
has to be considered in a comprehensive manner, taking all these factors into 
consideration simultaneously. 



Drug failure = f 



Time on antivirals, number of prior antivirals, pill burden, stage of 
HIV/AIDS, baseline pVL, baseline resistance mutations, co-morbidity, age 

Drug genetic barrier, tolerability, adherence, number of new drugs, baseline 
CD4 counts, degree of viral suppression, social and economic support 



However, there are a number of factors that are unmodifiable when plan- 
ning a new antiretroviral regimen (Tab. 1). These factors include: prior time on 
antiretroviral therapy, prior antiretroviral experience, stage of HIV/AIDS dis- 
ease, baseline pVL, prior existing resistance mutations, co-morbidity, age, 
baseline CD4 counts. Such factors must be assumed and considered when 
designing a new regimen, but the clinician is not able to modify them. 

In contrast, other factors influencing the likeliness of drug failure are cer- 
tainly controllable. Therefore it is the task of the clinician to design a drug 
combination seeking the lowest pill burden, the higher genetic barrier, the 
higher adherence to treatment, the higher number of new drugs included and 
the higher degree of viral suppression attainable. Although it is more difficult, 
we believe that the physician should also cooperate with his/her community to 
improve patients’s social and economical support. 




